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HYDRAULIC  EXCAVATION. 


By  L.\th.\m  Anderson,  Member  Engineers'  Club  of  Cincinnati. 


[Read  before  the  Club,  October  i8,   1900.*] 

The  origin  of  hydraulic  mining  is  recorded  as  follows  by  an 
eminent  authority,  Mr.  Charles  Waldeyer,  of  California,  and  pub- 
lished in  the  report  of  Dr.  Rossiter  W.  Raymond,  United  States 
Commissioner  of  Mining  Statistics,  1873.     Page  390  et  seq.: 

"The  origin  of  hydraulic  mining  dates  back  as  far  as  the 
spring  of  1852,  .  .  .  when  a  miner,  whose  name  is  forgotten, 
put  up  a  novel  machine  on  his  claim  at  Yankee  Jim,  in  Placer 
county,  Cal.  This  machine  was  very  simple.  From  a  small  ditch 
on  the  hillside,  a  flume  was  built  towards  the  ravine,  where  the 
mine  was  opened;  the  flume  gained  height  above  the  ground  as 
the  ravine  was  approached,  until  finally  a  'head'  or  vertical 
height  of  40  feet  was  reached.  At  this  point  the  water  was  dis- 
charged into  a  barrel,  from  the  bottom  of  which  depended  a  hose, 
about  6  inches  in  diameter,  made  of  common  cowhide,  and  ending 
in  a  tin  tube  about  4  feet  long,  the  latter  tapering  down  to  a  final 
opening  or  nozzle  of  i  inch. 

"This  was  the  first  hydraulic  apparatus  in  California.  Sim- 
ple in  design,  dwarfish  in  size,  yet  destined  to  grow  out  of  its  in- 
significance into  a  giant  powerful  enough  to  remove  mountains 
from  their  foundations." 

\\'ithin  three  decades  after  the  conception  of  that  germ  of 
the  giant  the  topography  of  two  antipodal  continents  has  been 
profoundly  modified,  in  large  areas,  by  hydraulic  mining.  In 
California  alone  countless  millions  of  cubic  yards  of  detritus,  torn 
from  their  primordial  beds,  have  been  transported  from  the  moun- 
tains to  the  ocean,  an  average  "haul"  of  more  than  100  miles, 
or  have  been  dropped  on  the  way  in  the  tnain  river  beds  and  the 
Bay  of  San  Francisco.     Many  miles  of  the  abyssmal  canyons  of 

♦Manuscript  received  December  31,  1900. — Secretary.  Ass'n  of  Eng.  Socs. 
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the  Sierras  have  been  filled  a  hundred  feet  and  more  in  depth  by 
the  heavier  parts  of  the  tailings. 

When  one  is  first  brought  to  face  these  stupendous  results, 
he  finds  it  difBcult  to  accept  facts  so  at  variance  with  previous 
human  experience.  But  the  main  facts  are  incontrovertible,  hav- 
ing been  recorded  in  years  of  litigation  and  legislation  concern- 
ing the  struggle  for  existence  between  the  farmers  and  the  miners. 
For  the  filling  of  the  river  beds  with  tailings  so  increased  the 
destructive  effects  of  floods  as  to  damage  or  ruin  whole  districts 
of  farming  country,  and  the  shoaling  up  of  large  areas  in  the  bay 
had  so  seriously  affected  navigation  therein  that  these  two  inter- 
ests combined  and  organized  to  demand  the  abolition  of  hydraulic 
mining.  The  outcome  was  a  Waterloo  to  the  great  hydraulic 
mining  companies.  Nothing  could  more  strongly  emphasize  the 
vastness  of  these  deposits  and  their  resulting  damages  than  that 
verdict  of  the  courts  and  legislature.  It  is  still  further  accentu- 
ated by  the  fact  that  these  findings  and  laws  were  possible  in  Cali- 
fornia,— the  child  of  mining,  and  especially  of  gravel  mining, — ■ 
which  has  produced  more  than  three-fourths  of  all  the  gold  output 
of  the  State. 

The  extent  of  these  mining  operations  may  be  further  illus- 
trated by  a  glance  at  two  of  the  large  hydraulic  mines  as  types  of 
the  class, — viz,  the  North  Bloomfield,  in  Nevada  county,  CaL,  and 
the  Spring  Valley,  at  Cherokee,  Butte  county.  The  capital  in- 
vested in  the  North  Bloomfield  was  $2,500,000.  To  gain  outlet 
for  the  tailings  into  the  nearest  canyon,  a  tunnel  7  by  9  feet,  6900 
feet  long,  had  to  be  cut  through  solid  rock.  The  sluice  line  was 
over  2  miles  in  length  and  6  feet  wide.  The  "bank"  or  auriferous 
gravel  deposit  was  400  feet  deep  and  600  feet  wide,  the  company 
owning  a  mile  and  a  half  in  length  of  this  deposit.  A  6-inch 
g'ant  was  used  under  a  500-foot  head  delivering  32.8  second  feet 
of  water  and  developing  nearly  1690  horse  power;  and  a  7-inch 
nozzle  under  a  250-foot  head,  delivering  31.54  second  feet  and 
developing  about  1560  horse  power.  From  15,000  to  18,000  cubic 
yards  of  gravel  were  washed  away  each  day  of  twenty-four  hours. 

The  Spring  Valley  bank  was  about  400  feet  in  height.  The 
bed  rock  tunnel  was  much  shorter,  but  to  obtain  a  dumping 
ground  the  company  had  to  purchase  over  700  acres  of  valuable 
farm  land.  At  the  time  of  the  writer's  visit  in  1882,  they  had 
buried  this  land  12  feet  deep  with  tailings,  were  expecting  to  add 
three  feet  to  this  depth,  and  still  would  be  under  the  necessity  of 
buying  more  land. 

At  the  Dardenelles  Mine  lo-inch  nozzles,  under  heavy  pres- 
sure, are  said  to  liave  been  used. 
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All  the  data  concerning  the  three  above-named  mines  are 
given  from  memory,  the  writer  not  having  any  records  at  hand 
for  verification. 

It  may  seem  superfluous  to  rehearse  before  an  audience  of 
engineers  so  many  facts  concerning  hydraulic  excavation,  which 
have  become  stale  history.  The  only  purpose  of  the  recital  is  to 
emphasize  the  strangeness  of  this  strange  freak  in  economic  his- 
tory, that  in  this  century,  pre-eminent  for  discoveries  and  appli- 
ances in  the  mechanical  arts,  so  little  has  been  done  towards 
adopting,  in  general  engineering  practice,  this  most  economical  of 
all  methods  of  earth  removal.  It  is  still  more  singular  that  it 
has  not  been  generally  adopted  in  the  mining  of  other  ores  than 
gold,  especially  in  winning  limonite  iron  from  its  clay  beds  on 
the  flanks  of  hills  to  which,  in  the  writer's  opinion,  it  is  better 
adapted  than  even  to  gold  mining. 

But  this  is  only  in  passing,  as  mining  is  not  within  the  scope 
of  this  paper. 

For  the  purposes  of  this  discussion,  there  are  three  different 
processes  employed  in  hydraulic  excavation, — viz: 

First.     The   sluice  (sometimes   called  the   "ground-sluice"). 

Second.     The  "giant." 

Third.     The  "boom." 

Under  certain  conditions  all  may  be  used  to  advantage  by 
the  general  practitioner. 

The  second  is,  in  the  opinion  of  the  writer,  more  generally 
applicable,  and  more  powerful  and  economical  in  the  class  of  works 
herein  contemplated. 

The  sluice  is  best  adapted  to  shallow  deposits,  where  the 
banks  would  not  be  high  enough  to  cause  danger  from  caves.  It 
consists  simply  of  a  line  of  boxes  laid  along  the  bottom  of  an 
open  cut  through  the  deposit  to  be  moved.  The  material  is 
loosened  by  the  pick  or  plow,  and  shoveled  by  hand  or  dumped 
from  wheelbarrows  into  the  stream  running  through  the  boxes, 
at  the  lower  end  of  which  it  is  discharged  upon  the  dump.  Of 
course  the  more  copious  the  supply  of  water,  and  the  rate  of 
fall  in  the  boxes,  the  greater  their  carrying  power  and  the  econ- 
omy of  the  process. 

The  boom  consists  of  a  temporary  dam  behind  which  the 
water  supply  is  allowed  to  accumulate  till  a  sufficient  amount  is 
stored,  when  the  water  is  let  out  in  a  rush  by  suddenly  opening 
large  flood  gates.  The  wave  or  torrent  thus  produced  is  directed 
against  the  foot  of  the  bank  to  be  removed.  It  is  said  that  the 
boom  has  seldom  been  used  outside  of  Colorado;  but  its  advo- 
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cates  there  claim  that  it  is  one  of  the  most  economical  methods 
of  hydraulic  excavation  where  the  supply  of  water  is  either  very 
abundant  or  very  scarce. 

The  writer  has  had  no  experience  with  the  hydraulic  boom, 
and  only  quotes  from  other  writers  on  the  subject. 

The  following-  table  is  quoted  from  Van  Wagenen's  "Manual 
of  Hydraulic  Mining"  (D.  Van  Nostrand  Company),  page  20,  to 
illustrate  the  comparative  efficiency  of  primitive  hand  work  and 
the  three  types  of  hydraulic  mining  above  enumerated. 

The  two  materials  assumed  as  a  basis  of  comparison  are 
ordinary  loose  and  cemented  gravels.  Of  course  only  an  ap- 
proximate and  general  average  is  attempted  in  such  tables.  Ac- 
cording to  the  writer's  experience,  while  very  soft  and  friable  clay 
will  cut  and  wash  away  more  rapidly  than  any  gravel,  the  average 
compact  clay  bank  will  come  between  the  two  enumerated  gravels 
in  rate  of  working,  being  closer  to  the  loose  gravel. 

TABLE. 

ORDINARY.  CEMENTKD. 

By  the  pan.  i  cu.  yd ^  cu.    yd. 

"    "    rocker.  2    "yds 2  "     yds. 

"    "    long  ton.  5  to  6    "    "   3  to  5  "       " 

"    "    sluice.  10  to  20  "    "    6  to  12  "       " 

"    "    hydraulic.     100  to  1000    "    "     too  to  1000  "       " 

"    "    boom.  unlimited.  unlimited. 

The  table  shows  the  number  of  cubic  yards  of  dirt  which  may 
be  washed  per  day  of  ten  hours  per  man,  in  the  first  two  cases 
each  man  working  alone,  and  in  the  last  four  in  pairs  or  econom- 
ically arranged  gangs. 

The  likelihood  that  the  boom  will  ever  be  indicated  as  a 
sole  means  of  excavation  in  general  practice  is  so  remote  that  the 
device  is  not  worthy  of  consideration  here,  but  it  may,  in  rare 
instances,  be  a  useful  auxiliary  to  the  giant.  It  is  also  frequently 
beneficial  to  increase  the  carrying  capacity  of  an  hydraulic  sluice 
line  by  turning  into  its  head  an  auxiliary  natural  stream  without 
head,  or  from  a  lower  source  than  that  supplying  the  giant. 

Mr.  W'aldcycr's  paper,  above  quoted,  contains  a  lucid  descrip- 
tion of  hydraulic  mining,  and,  notwithstanding  the  fact  that  it 
was  written  more  than  a  quarter  of  a  century  ago,  the  reader 
may  gain  a  clear  impression  of  all  the  essential  features  of  the 
process  which  are  germane  to  this  discussion. 

But  a  word  of  caution  is  demanded  here  to  the  reader  who 
consults  text-books  on  hydraulic  ofold  mininsf  for  information  as 
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to  the  serviceability  ot  the  hydraulic  tor  general  purposes.  We 
must  keep  in  mind  that  the  sole  aim  of  the  miner  is  to  save  gold, 
and  as  nuich  gold  as  possible,  consistent,  of  course,  with  economy. 
To  this  end,  it  is  always  necessary  to  restrict  the  amount  of  gravel 
carried  by  the  boxes  in  order  to  increase  the  yield  of  gold. 

(It  goes  without  saying  that  all  the  mere  gold-saving  im- 
provements and  appliances  of  the  miner  are  foreign  to  the  topic 
in  hand.)  The  maximum  discharge  of  the  boxes  occurs  when  the 
velocity  of  the  current  is  greatest  and  the  water  is  most  charged 
with  mud,  but  the  clearer  the  water  and  the  slower  the  current  the 
more  readily  wdll  the  fine  gold  settle  to  the  bottom  of  the  boxes 
and  be  caught  by  the  quicksilver.  Hence  the  necessity  of  re- 
stricting the  discharge,  in  order  to  increase  the  amount  of  gold 
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saved,  and  whence  it  follows  that  statistics  from  gold-mining 
practice  must  invariably  underestimate  the  capacity  of  the  giant 
as  a  labor-saving  device. 

To  recapitulate  the  conditions  essential  to  economical  hy- 
draulic excavation,  they  are:  the  greater  the  volume  of  water,  the 
head  and  the  fall  in  the  sluice  line,  the  higher  the  bank  {i.e.,  the 
deeper  the  cut),  and  the  more  available  the  dumping  ground,  the 
greater  the  economy. 

As  all  of  these  must  be  self-evident  to  every  engineer,  ex- 
cept possibly  that  of  the  height  of  the  bank,  we  will  refer  to  that 
at  length  further  on. 

It  is  now  in  order  to  outline  the  process  of  opening  and 
working  an  hydraulic  mine.  From  the  great  storage  reservoir 
in  the  Sierras,  fifty  or  one  hundred  miles  distant,  a  ditch  conveys 
the  water  to  the  service  or  distributing  reservoir,  which  is  on  the 
nearest  hill  to  the  "cut"  which  will  give  the  required  "head"  or  pres- 
sure. From  the  distributing  reservoir  the  water  is  conveyed  to 
the  workings  in  a  riveted  sheet  iron  pipe,  in  16-foot  lengths,  which 
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are  jointed  stovepipe  fashion.  To  the  lower  end  of  the  pipe 
line  P,  Fig.  i,  is  strongly  attached  the  giant.  A  longitudinal 
section  of  one  of  the  smaller  sizes  is  shown  in  Fig.  i.  This  con- 
sists of  a  pipe  about  9  feet  long,  attached  at  its  lower  end  to  a 
cast  iron  globular  casing  or  jacket  GS  inclosing  the  minor  globe 
G.  Attached  to  the  outer  surface  of  G  are  the  trunnions  T, 
whose  horizontal  axis  passes  through  the  center  of  the  spherical 
surfaces  G  and  G\  The  trunnions  pass  outwardly  through  col- 
lars in  the  casing  G\  This  arrangement  permits  ample  upward 
and  downward  movement  of  the  pipe.  The  outer  end  of  the 
pipe  is  provided  with  a  screw  joint,  so  that  nozzles  N  of  different 
aperture  may  be  attached.  There  is  a  horizontal  joint  J  between 
the  lower  extension  of  the  globe,  called  the  "goose  neck"  (GN), 
and  the  heavy  bedplate  BP.     Of  course  all  joints  and  bolt  holes 
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must  be  packed  water-tight.  (The  joint  J  is  tightened  by  the  rod 
R  passing  down  through  the  goose  neck  and  bedplate.)  Hori- 
zontal and  vertical  motion  may  be  imparted  to  the  pipe,  simul- 
taneously, if  desired,  by  the  lever  L,  a  piece  of  scantling  attached, 
at  itS;  front  end  E,  to  the  pipe  by  the  collar  strap  C,  and  to  the 
fulcrum  F  by  the  collar  C^  and  the  pin  P^. 

The  plan  of  the  bed  frame  is  shown  in  Fig.  2,  in  which  S.S. 
are  the  bed  sills  and  Sm,Sm  are  the  mud  sills.  Nailed  to  the  top 
of  the  lever  is  a  shallow  wooden  box  W,  which  is  weighted  down 
with  loose  stones  so  as  just  to  counterbalance  the  downward 
reaction  of  the  water  upon  the  pipe.  It  is  apparent  that  this 
machine  is  so  simple  as  to  be  readily  set  up,  managed  and  kept 
in  order  by  any  workman  of  average  intelligence.  But,  like 
many  other  simple  machines  (billiard  cues,  for  instance),  there 
are  widely  differing  degrees  of  skill  displayed  by  different  prac- 
titioners.    This  is  so  pre-eminently  true  with  regard  to  the  giant 
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as  to  make  the  pipeman  the  essential  and  most  important  em- 
ploye on  the  works  after  the  installation  is  complete.  In  fact, 
the  degree  of  economical  success  or  failure  of  the  enterprise  is 
gaged  by  his  skill.  It  lies  in  him  to  make  or  mar  the  business. 
It  is,  therefore,  a  sheer  waste  of  money  to  put  such  a  plant  in  the 
hands  of  ^  novice  or  of  an  unskillful  pipeman.  Quick  percep- 
tion, nerve,  intelligence  and  good  judgment  all  go  to  make  up  the 
ideal  pipeman  or  bank  foreman.  (In  small  plants  the  two  offices 
are  usually  combined.) 

THE    NOZZLE. 

The  nozzle  N  requires  further  notice.  Upon  the  perfection 
of  its  shape  and  condition  the  cutting  efficiency  of  the  stream 
mainly  depends.  The  cutting  power  of  a  stream  of  given  volume 
and  nozzle  velocity  is  in  the  ratio  of  its  solidity  at  the  point  of 
impact.     Strictly  speaking,  a  column  or  shower  of  spray  has  no 
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cutting  power;  it  merely  washes.  But  a  solid  stream  with  a  noz- 
zle velocity  of  say  90  feet  (due  to  a  head  of  150  feet)  pierces  a 
bank  like  a  projectile  or  bores  like  an  auger.  It  surprises  the 
novice  to  see  what  refinements  of  precaution  are  requisite  to  in- 
sure such  solidity  of  stream. 

First.  No  entrained  air  should  be  permitted  to  pass  the 
nozzle. 

Second.  The  bore  of  the  latter  should  be  of  correct  shape 
("ajutage"),  and,  in  the  cylindrical  part,  should  be  as  true  and 
smooth  as  a  gun  barrel.  Because  iron  soon  becomes  roughened 
by  rust,  hard  gun  metal  is  a  better  material  for  nozzles. 

Third.  Rifles  or  radial  plates  r,  r,  Figs.  3  and  4,  should 
be  inserted  in  the  pipe  to  prevent  the  rotary  motion  otherwise 
bound  to  occur,  which  whirling  motion  of  the  column  would  de- 
stroy its  cylindrical  shape  and  solidity. 

THE    SLUICE    LINE. 

In  gold  mining,  the  boxes,  Figs.  5  and  6,  must  be  of  planed, 
tongued  and  grooved  lumber,  so  as  to  be  perfectly  water-tight, 
since  the  smallest  leak  would  cause  the  loss  of  fine  gold  and 
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amalgam,  and  they  must  have  costly  bottom  paving.  But,  for 
our  purposes,  any  tolerably  tight  boxes  of  cheap,  undressed  lum- 
ber will  answer.  And  here  is  our  first  advantage  in  point  of 
economy  over  the  gold  miner.  A  further  gain  is  in  avoiding 
(usually)  the  costly  bottom  paving  of  the  gold  miner,  no  lining 
being  required  for  small  operations,  say  of  20,000  or  30,000  yards, 
while  for  larger  ones  i  or  i|-inch  plank  bottom  linings  would 
usually  be  sufficient  on  moderate  grades.  The  upper  end  of  the 
boxes  should  be  provided  with  flaring  wings  of  temporary  sheet 
piling. 

Near  the  head  of  the  upper  box  is  placed  an  inclined  grating, 
with  spaces  of  such  size  as  to  arrest  all  stones  too  large  to  be  car- 
ried freely  by  the  current  in  the  boxes.  The  rejected  stones  are 
forked  over  in  a  pile  to  one  side  of  the  line  of  boxes  by  a  man  sta- 
tioned at  the  grating  for  that  purpose.  If  required,  these  piles 
of  stones  may  be  carried  or  run  out  of  the  cut  on  a  tramway  as 
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Fig.  5.     Elevation  of  Upper  End. 

the  work  proceeds.     The  giant  is  set  up  a  little  to  one  side  of  the 
sluice  head. 

Everything  is  now  in  position  to  begin  the  cut.  Fig.  7  shows 
in  plan  the  relative  positions  of  the  sluice  head  S,  the  giant  G 
and  the  initial  point  P.  T.T.  is  the  tramway  for  removing  the 
piles  of  refuse  R  (including  boulders,  stumps,  roots  of  trees,  etc.). 
The  stream  from  the  giant  is  turned  upon  the  point  P.  A  cavity 
is  rapidly  formed  in  the  base  of  the  hill  and  a  mixture  of  water, 
mud  and  stones  pours  down  into  the  boxes.  When  the  face  of 
the  cut  approaches  the  limit  of  the  giant's  cutting  efficiency,  the 
work  is  stopped.  The  giant  is  taken  up,  a  new  joint  or  joints  of 
pipe  are  added,  and  the  giant  set  up  in  its  new  position.  Espe- 
cial care  is  demanded  in  securing  the  bed  frame  of  the  giant  firmly 
in  the  ground.  Small,  sharp  gravel  or  firm  soil  should  be  rammed 
hard  around  the  mud  sills,  and  the  frame  should  be  strongly 
braced  against  forward  or  lateral  motion,  because  a  very  slight 
movement  of  the  giant  would  loosen  some  of  the  joints  in  the 
pipe  line. 
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The  sluice  head  is  carried  forward  at  tlie  same  time  with  the 
giant,  by  adding  boxes  at  the  upper  end. 

When  the  bank  attains  a  height  of  15  or  20  feet,  it  is  usually 
in  a  shape  to  begin  the  first  cave.  The  foot  of  the  bank  is  under- 
cut several  feet  in  height,  forming  a  cave,  or  a  series  of  caves 
with  intervening  pillars.  When  the  caves  are  knocked  into  one 
bv  cutting  out  the  pillars,  the  overhanging  mass  trembles,  splits 
oflf  on  the  plane  of  the  back  of  the  cave,  and  plunges  into  the 
cut  with  a  momentum  that  shatters  the  mass.  Now,  the  higher 
the  bank  the  larger  will  be  the  amount  of  overhanging  earth 
brought  down  by  a  given  amount  of  undercut,  whence  the  econ- 
omy of  high  banks  becomes  apparent.  Take  the  case  of  a  bank 
like  that  at  North  Bloomfield,  400  feet  high.  Suppose  the  cut  is 
40  yards  long,  2  yards  deep  and  10  feet  high.  The  amount  of  un- 
dercut would  be  about  260  vards,  and  the  amount  caved  down 
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Fig.  6.     Section  of  Elevation  on  Line  a  b,  Fig.  5. 

would  be  over  10,000  tons.  But  such  high  banks  are  usually  so 
dangerous  that  it  is  preferred  to  work  them  in  two  stages,  as  they 
were  doing  at  North  Bloomfield  on  the  occasion  of  the  writer's 
visit.  But  operations  on  such  a  scale  would  rarely,  if  ever,  be 
demanded  in  engineering  work.  In  railroad  cuts  of  from  40  to 
100  feet,  for  instance,  it  is  not  likely  that  more  than  from  2  to  4 
second  feet  of  water  under  150  feet  head  (2  to  3-inch  nozzles) 
would  ever  be  required.  In  most  cases,  especially  on  high  sum- 
mits, the  water  would  have  to  be  delivered  by  steam  power. 

To  recapitulate,  in  point  of  economy  our  practice  is  inferior 
to  the  great  hydraulic  mining  plants  in  the  following  particulars: 

First.     In  volume  of  water. 

Second.     (Usually)  in  amount  of  head  or  pressure. 

Third.  (Probably  in  most  localities)  in  not  having  a  natural 
or  gravity  supply  and  pressure. 

But,  on  the  other  hand,  we  have  the  following  advantages 
over  any  and  every  mining  plant: 
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First.     We  may  use  cheaper  boxes  and  sluice  line. 

Second.  We  avoid  the  expense  of  all  the  costly  gold-saving 
devices  and  appliances,—?.^.,  costly  bottom  paving  in  the  sluice 
line,  undercurrents,  box-riffles,  retort  house  and  the  loss  of  at 
least  four  days'  time  each  month  in  "cleaning  up"  (collecting 
amalgam)  and  in  repairing  sluice  line. 

Third.  We  save  the  interest  and  sinking  fund  on  the  capital 
invested  in  the  huge  dam  and  reservoir,  and  in  the  scores  of  miles 
of  main  ditch. 


Fig.  7. 


Fourth.  The  outlay,  in  railroad  work  especially,  will  be 
much  smaller  for  giants,  pipe  line,  tools  and  machinery  for  the 
cut  than  in  mining. 

As  a  deduction  from  the  foregoing  premises,  we  conclude 
that,  under  certain  conditions,  a  great  saving  may  be  efifected  in 
the  cost  of  the  above  indicated  classes  of  engineering  work  by 
the  use  of  hydraulic  excavation,  especially  with  the  nozzle. 

That  this  conclusion  may  not  be  relegated  to  the  domain  of 
abstract  argument,  your  attention  is  called  to  the  following  recent 
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instances  of  the  successful  application  of  hydraulic  cutting  and 
filling  in  general  engineering  practice. 

We  will  begin  with  extracts  from  "Reservoirs  for  Irriga- 
tion," by  James  D.  Schuyler,  Member  American  Society  of  Civil 
Engineers  (United  States  Geological  Survey  Report,  1896-97, 
Part  IV). 

HYDRAULIC    DAM    CONSTRUCTION. 

La  Mesa  Dam,  San  Diego,  Flume  county,  Cal.,  for  the  pur- 
pose of  storing  the  flood  water  of  San  Diego  River,  etc.  "The 
dam  was  designed  and  constructed  by  J.  M.  Howells,  C.E.,  Presi- 
dent of  the  San  Diego  Flume  Company.  .  .  .  It  is  an  earth 
and  rock-fill  dam,  66  feet  high  and  20  feet  wide  on  top,  the  ma- 
terials for  which  were  transported  and  deposited  in  place  by 
flowng  water,  by  the  process  known  to  miners  as  'ground-sluic- 
ing,' the  surplus  water  from  the  flume  being  used  for  this  pur- 
pose, and  at  the  same  time  being  stored  in  the  reservoir  as  it  was 
being  formed  back  of  the  dam  (page  649).  The  volume  of  ma- 
terial handled  was  38,000  cubic  yards,  which  had  to  be  brought 
an  extreme  distance  of  2200  feet,  and  stripped  from  an  area  of 
11^  acres  to  a  mean  depth  of  2  feet.  Had  the  material  been  favor- 
able in  depth  and  character,  it  is  thought  the  entire  dam  could 
have  been  finished  for  25  or  30  per  cent,  of  its  ultimate  cost, 
which  was  about  $17,000.  Instead  of  sluice  boxes,  the  material 
was  conveyed  for  the  last  2000  feet  in  24-inch  wooden  stave 
pipes  lined  with  strips  of  steel  to  resist  wear.  Cost,  90  cents 
per  foot.     (Page  650.) 

PROPOSED   PINE   VALLEY    DAM,   SAN   DIEGO,    FLUME   COUNTY. 

(Page  653.) 
Dam  to  be  130  feet  high,  30  feet  wide  on  top.  The  water 
to  be  used  for  sluicing  will  have  to  be  pumped  to  a  height  of  400 
feet,  in  order  to  reach  the  deposits  of  material  available  for 
sluicing,  but  the  engineer  estimates  that  even  this  high  lift  is 
feasible  and  profitable,  and  he  expects  to  increase  the  duty  of 
water  used  from  5  per  cent,  of  solids  conveyed  (the  maximum  ac- 
complished at  La  Mesa  Dam)  to  about  20  per  cent,  of  solids,  or 
13  cubic  yards  per  miner's  inch  of  twenty-four  hours  (0.02  cubic 
foot  per  second).  "If  this  duty  can  be  maintained,  and  the  cost 
of  pumping  be  assumed  at  a  maximum  of  5  cents  per  1000  gallons, 
the  cost  per  yard  for  water  will  be  about  5  cents,  with  but  little 
additional  cost  for  loosening  (with  pick),  as  the  material  is  soft." 
(Please  note  that  if  giants  were  used  no  additional  cost  for  loosen- 
ing would  he  incurred.) 
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PROPOSED    LAKE   HELENA    DAM,    SAN    DIEGO    RIVER. 

(Page  654.) 
The  proposed  dam  is  iioo  feet  long  on  top,  190  feet  at  base, 
155  feet  high,  25  feet  wide  on  top,  bottom  thickness  of  650  feet 
and  to  contain  789,000  cubic  yards.  "This  site  is  considered 
favorable  for  hydraulic  construction  because  of  the  abundance 
of  material  on  both  sides  and  the  possibility  of  using  zmter 
under  high  pressure  to  loosen  the  material  by  poiverful  jets  from 
hydraulic  mining  giants. 

DAM  AT  TYLER,  TEXAS. 

(Page  654.) 

This  dam,  constructed  in  1894,  has  the  following  features: 
Length  575  feet,  height  32  feet,  and  contains  24,000  cubic  yards. 
This  impounds  1770  acre  feet  and  covers  177  acres. 

The  water  was  pumped  through  a  6-inch  pipe  from  the  old 
city  pumping  station.  This  hill  is  150  feet  high  and  the  pipe 
terminated  halfway  from  its  base,  where  a  common  fire  hydrant 
was  placed,  to  which  was  attached  an  ordinary  2^-inch  hose  with 
a  i|-inch  nozzle.  The  cost,  including  the  plant  and  all  the  appurte- 
nances of  the  reservoir,  zvas  4f  cents  per  yard. 

The  following  additional  facts  throw  further  light  upon  the 
secret  of  this  remarkable  result: 

"The  stream  was  directed  against  the  face  of  the  hill  under 
a  pressure  limited  to  100  pounds  per  square  inch.  The  washing 
was  carried  rapidly  into  the  hill  on  a  3  per  cent,  grade,  which 
soon  gave  a  working  face  of  10  feet  or  more,  increasing  gradually 
to  36  feet  in  vertical  height.  By  maintaining  the  jet  at  the  foot  of 
the  cliff  it  zcas  undermined  as  rapidly  as  it  could  be  broken  up  and 
carried  azcay  by  the  zvater." 

SAN    LEANDRO    AND   TEMESCAL    DAMS,    CALIFORNIA. 

(Page  655.) 

These  furnish  part  of  the  supply  of  the  city  of  Oakland,  hav- 
ing 60,000  inhabitants.  They  were  constructed  by  their  princi- 
pal owner,  Mr.  A.  Chabot,  who  had  been  a  practical  hydraulic 
miner. 

The  Tcmcscal  Dam  was  built  in  1868.  The  work  was  con- 
tinued a  number  of  seasons  by  collecting  storm  water  from  time 
to  time.  The  dam  is  105  feet  high  and  18  feet  wide  on  top,  cover- 
ing only  18.5  acres,  with  a  capacity  of  188,000,000  gallons. 

The  San  Leandro  Dam  was  built  in  1874-75,  and  has  a  height 
of  120  feet  above  the  stream  bed.     Total  volume  of  dam  is  542,- 
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700  yards,  of  which  i6o,cx)0  yards  were  deposited  by  the  hydraulic 
process.  The  water  was  brought  four  miles  in  a,  ditch,  and  the 
sluiced  materials  were  conveyed  in  a  flume  lined  with  sheet  iron 
plates,  laid  on  a  grade  of  4  to  6  per  cent.  The  water  used  was 
ID  to  15  second  feet,  and  the  ground-sluicing  method  was  alone 
employed ;  nevertheless  the  cost  zvas  estimated  at  one-fourth  to  one- 
fifth  that  of  putting  the  earth  in  place  by  carts  or  scrapers. 

HYDRAULIC    FILLS    ON    THE    CANADIAN    PACIFIC    RAILWAY. 

(Page  657.) 

At  trestle  No.  374,  North  Bend,  in  Frazer  River  Canyon, 
there  is  required  to  fill  the  chasm  an  embankment  231  feet  in  ex- 
treme height  and  containing  148,000  cubic  yards.  The  plant  con- 
sisted of  1450  feet  of  sheet  steel  pipe  15  inches  in  diameter,  1200 
feet  of  sluice  boxes  or  flume  3  feet  wide  and  3  feet  deep;  one  No. 
3  "giant"  monitor  with  5-inch  nozzle,  and  a  large  derrick  driven 
by  a  Pelton  water  wheel.  Piping  head  125  feet.  The  sluice 
boxes  were  laid  on  grades  from  11  to  25  per  cent.,  partly  sup- 
ported on  high  trestles.  The  boxes  were  paved  with  wood  blocks 
on  the  lighter  grades  and  old  railway  rails  on  the  heaviest.  Fifty 
per  cent,  of  the  pit  consisted  of  cemented  gravel,  30  per  cent,  of 
loose  gravel  and  20  per  cent,  of  large  boulders  which  had  to  be 
removed  by  the  derrick.  Nevertheless,  the  entire  cost  of  the 
work,  including  the  plant,  was  $5089,  or  at  the  rate  of  7.24  cents 
per  yard  (and  including  explosives  used  on  the  cemented  gravel). 
"Had  the  pressure  of  the  water  been  greater  (400  to  500  feet  head) 
and  the  gravel  loose,  the  duty  of  the  zvater  would  have  been  in- 
creased four-fold/^ 

The  entire  force  employed  consisted  of  eight  men,  all  com- 
mon laborers  except  the  pipeman.  The  water  used  was  ap- 
proximately 20  second  feet  or  1000  miner's  inches,  the  duty  per- 
formed being  1.77  yards  per  twenty-four-hour  inch.  At  the  cross- 
ing of  Chapman's  Creek  the  railway  company,  in  1894,  made  a 
similar  fill  of  66,000  yards  at  a  total  cost  of  7.5  cents  per  yard,  of 
which  3.2  cents  was  for  plant.  The  actual  work  of  sluicing  cost 
but  i.yS  (one  and  seventy-eight  hundredths)  cents  per  yard. 

HYDRAULIC   FILLS    ON  THE  NORTHERN    PACIFIC   RAILWAY. 

(Page  659.) 
Work  of  a  precisely  similar  nature  has  been  in  progress  for 
a  number  of  years  past  on  the  line  of  the  Northern  Pacific  Rail- 
wav,  where  several  high  and  dangerous  trestles  have  been  re- 
placed by  hydraulic-made  embankments  of  earth,  gravel  and  loose 
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rock.  During  1897,  nine  high  trestles,  requiring  from  6200  to 
108,500  cubic  yards.  Of  this  amount  377,000  cubic  yards  in 
eight  of  the  trestles  were  moved  and  put  in  place  at  an  average 
cost  of  4.79  cents  per  cubic  yard.  The  detail  of  the  cost  is  given 
below: 

Sluicing  and  building  side  levees 3-85  cents. 

Hay  used  in  levees 09 

Tools 08     " 

Lumber  and  nails 22 

Labor  building  flumes 44 

Engineering  and  superintendence 11 

Total   479     " 

"In  all  the  above  work  the  water  was  carried  to  the  borrow 
pits  and  the  sluicing  done  by  gravity.  In  one  case,  however, 
pumping  was  resorted  to,  and  42,250  cubic  yards  were  moved  by 
water  thus  lifted,  at  an  average  cost  of  13.3  cents  per  cubic  yard." 

"The  plant  required  is  rather  inexpensive.  According  to 
locality,  one  nozzle  would  require  from  300  to  1000  feet  of  light 
sheet  iron  pipe  costing  27^  cents  a  foot  and  a  No.  2  giant  costing 
$95.  Outside  of  this  nothing  is  required  except  picks,  shovels, 
hoes  and  axes.  From  five  to  six  men  are  required  with  each 
nozzle  to  build  the  levee,  build  sluice  boxes  and  do  everything 
else  required." 

THE  DRAINAGE  OF  THE  OKEFINOKEE   SWAMP,   GEORGIA. 

In  the  "Engineering  Society  Annual  of  the  University  of 
Georgia,"  Vol.  I,  1893,  page  12,  there  is  an  article  entitled  "Hy- 
draulic Excavation,"  by  B.  M.  Hall,  C.M.E.,  formerly  a  professor 
in  the  Georgia  University.  From  this  valuable  paper  we  make 
the  following  extracts: 

"Notwithstanding  the  fact  that  hydraulic  gold  mining  has 
been  in  progress  for  so  many  years  on  the  Pacific  slope  and  in 
the  State  of  Georgia,  engineers  seem  slow  to  adopt  this  cheap 
plan  of  excavation  for  other  work,  such  as  railroads,  canals,  etc., 
even  when  the  conditions  necessary  to  successful  operation  are 
all  present  and  in  plain  view. 

"These  conditions  are: 

"i.  Material  that  is  soft  enough  to  be  loosened  and  washed 
away  by  water. 

"2.  A  sufficient  volume  of  water  at  an  elevation  above  the 
proposed  cut. 

"3.  Sufficient  grade,  away  from  the  bottom  of  the  cut,  for 
giving  the  water  enough  velocity  to  take  away  the   material. 
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.  .  .  Where  booming  is  resorted  to,  for  getting  soft  material 
out  of  the  way,  the  cost  is  often  as  low  as  one  cent  per  cubic 
yard.     .     .     . 

"The  most  important  work  of  this  nature  that  we  know  of  is 
being  done  in  Charlton  county,  Ga.,  by  the  Suwanee  Canal  Com- 
pany,  in  excavating  the  outlet  canal  for  the  drainage  of  Oke- 
finokee  Swamp.  That  swamp,  situated  in  Charlton,  Clinch,  Ware 
and  Pierce  counties,  is  a  shallow  fresh  water  lake,  covering  an 
area  of  400,000  acres  and  filled  with  black  muck.     .     .     . 

"The  Suwanee  Canal  Company  purchased  the  greater  part  of 
this  land  from  the  State  of  Georgia,  and  about  100,000  acres  from 
individuals.     The  object  of  their  undertaking  is: 
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Fig.  8.    Drainage  of  Okefinokee  Swamp,  Georgia.    Hor.  Scale  i  Mile 
TO  I  Inch.    Ver.  Scale. 

"i.  To  cut  and  place  on  the  market  this  vast  store  of  valua- 
ble timber,  and, 

"2.     To  thoroughly  drain  the  lands  for  cultivation. 

"A  profile  of  the  swamp  and  proposed  drainage  is  shown  by 
Fig.  8. 

"In  making  plans  for  drainage,  the  first  thing  necessary  was 
to  provide  a  sufficient  outlet  by  cutting  a  deep  canal  through  the 
dividing  ridge.  It  is  here  that  the  method  of  hydraulic  excava- 
tion is  being  used  on  a  grand  scale  and  in  a  highly  interesting 
manner.  First,  a  narrow,  shallow  canal  was  cut  across  the  ridge 
with  teams  and  scrapers  as  in  railroading.  Its  depth  was  about 
17  feet  at  the  summit,  and  it  ran  to  nothing  at  ^ach  end,  as  its 
bottom  was  level  across  the  ridge.     ...     At  the  eastern  mar- 
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gin  of  the  swamp  a  pumping  plant,  consisting  of  two  8o-horse- 
power  boilers  and  two  14-inch  centrifugal  pumps,  lifts  30,000  gal- 
lons of  water  per  minute  into  a  liume,  producing  an  immense 
stream,  which  runs  into  and  through  the  canal.  At  the  eastern 
end  of  this  preliminary  cut,  where  the  slope  toward  the  mine  is 
steep,  the  water  began  to  do  its  work.  A  deep  and  wide  canal 
is  being  carried  rapidly  back  toward  the  swamp." 

A  "porcupine"  harrow,  made  of  a  round  log  filled  with  har- 
row teeth,  is  dragged  up  and  down  the  canal  by  steam  power,  a 
distance  of  1000  feet.  The  excavated  material  is  dumped  into  a 
lateral  ravine  of  such  storage  capacity  that  nothing  but  clear 
water  drains  into  the  St.  Mary's  River.  The  average  cost  of  ex- 
cavation on  the  outlet  canal  is  2^  cents  per  cubic  yard. 

HYDRAULIC    EXCAVATION    AT    SEATTLE. 

The  Seattle  and  Lake  Washington  Navigation  Company  is 
opening  navigable  tidal  channels  by  dredging  and  the  reclamation 
of  tide  lands  adjacent  to  the  business  center  of  Seattle,  Wash- 
ington, by  filling  with  the  fine  black  sand  dredged  from  the  chan- 
nels. Two  powerful  dredges  are  used,  each  with  a  capacity  of  600 
to  700  cubic  yards  per  twenty-four  hours,  which  is  pumped  from 
the  bottom  of  the  channel  through  18-inch  pipes,  a  distance  of 
2000  to  4000  feet,  and  deposited  to  a  depth  of  18  to  20  feet  over 
the  area  to  be  reclaimed.  Some  36,000,000  cubic  yards  are  to  be 
handled  in  this  way,  and  1500  acres  filled  in  solidly  to  a  height  of 
2  feet  above  tide.  About  1,000,000  yards  had  been  put  in  place 
January  i,  1897,  the  cost  of  which  was  16  cents  per  yard  by  con- 
tract. 

In  conclusion,  the  writer  desires  to  call  the  attention  of  the 
Club  to  what  he  considers  a  rare  opening  for  an  extensive  and 
profitable  hydrauhc  cut  and  fill  in  Cincinnati.  The  whole  of  Mill 
Creek  bottom,  between  Hopkins  street  and  Harrison  avenue  and 
between  the  Cincinnati,  Hamilton  and  Dayton  and  the  Baltimore 
and  Ohio  Railroads,  could  be  filled  in  by  piping  down  the  north- 
ern end  of  Mt.  Harrison,  to  a  level,  say,  ranging  from  70  to  90 
feet  above  datum.  In  the  writer's  opinion,  little,  if  any,  explosive 
would  be  required,  provided  not  less  than  20  second  feet  of  water 
were  used  and  under  a  head  of  not  less  than  250  feet.  The  water 
would  be  pumped  from  the  river  at  the  mouth  of  Mill  Creek  into 
a  temporary  reservoir  on  top  of  the  ridge  south  of  Liberty  street. 
The  reservoir  need  be  only  large  enough  to  perform  the  function 
of  a  standpipe  in  maintaining  an  even  pressure.  A  vertical  cut 
of  at  least  200  feet  could  soon  be  established,  when,  by  taking 


HYDRAULIC  EXCAVATION.  17 

advantage  of  soft  layers  at  the  base  in  undercutting,  immense 
masses  might  be  caved  down.  After  the  caves  the  softer  parts 
and  finer  stone  could  easily  be  piped  away,  leaving  the  larger 
merchantable  stone  to  accumulate  on  the  floor  of  the  cut,  per- 
fectly clean.  Assuming  that  the  stone  averaged  20  per  cent, 
of  the  bank,  and  that  it  is  worth  on  the  ground  40  cents  per 
cubic  yard,  the  stone  would  pay  8  cents  per  cubic  yard  of  bank 
toward  the  cost  of  excavation.  On  this  basis  the  writer  esti- 
mated, some  years  since,  that  the  work  could  be  done  at  15  cents 
per  yard  net,  provided  not  less  than  3.000,000  cubic  yards  were 
moved. 


[2] 
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stkei:t  lighting  of  cities. 

By  Henry  H.  Humphrey,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Read  before  the  Club,  November  21,  1900.*] 

The  proper  lighting  of  streets  in  our  modern  cities  cannot 
be  overestimated.  Their  illumination  is  scarcely  secondary  in 
importance  to  the  maintenance  of  grades  and  paving.  When  the 
streets  are  neglected  until  their  surfaces  have  become  uneven  and 
unsafe,  the  necessity  of  illumination  is  heightened. 

It  is  evident  to  any  one  at  all  observant  that  the  recent 
developments  in  street  illumination  are  in  the  direction  of  a  uni- 
form and  diffused  light,  rather  than  along  the  well-beaten  path  of 
previous  years  which  gave  brilliantly  lighted  crossings  and 
Egyptian  darkness  in  the  middles  of  the  blocks.  The  develop- 
ment of  the  inclosed  arc  lamp  and  the  growth  of  mantle  gas 
lighting  are  illustrations  of  this  point. 

Some  cities  still  cling  to  the  old-style  open  arc  lamp ;  nota- 
bly the  city  of  Chicago,  which  is  still  making  all  its  increase  with 
this  type  of  lamp,  and  the  city  of  Denver,  Col.,  which  is  at  present 
installing  a  new  city  lighting  plant  using  open  arcs  for  all  but  one 
of  the  circuits.  It  is  reported,  however,  that  this  feature  of  this 
contract  may  be  changed  before  the  plant  is  completed  and  in- 
closed arc  lamps  installed  throughout  the  city. 

The  question  of  the  candle  power  of  the  lamp  itself  is  one  of 
importance,  but  is  evidently  not  a  "paramount  issue."  The  old- 
style  direct-current  series  open  arc  lamp  is  without  doubt  superior 
in  actual  candle  power  to  any  of  the  later  types  of  inclosed  lamps. 
Nevertheless,  it  is  giving  place  very  rapidly  to  inclosed  arc  lamps 
of  either  the  direct  current  or  alternating  current  type.  Devel- 
opment along  the  lines  of  electrical  progress  is  not  always  made 
in  the  interest  of  the  public,  or  of  the  users  of  light.  Many  sys- 
tems, improvements,  etc.,  are  developed  by  the  manufacturing 
companies  for  the  sole  purpose  of  making  an  increased  market 
for  their  goods.  This  development  in  arc  lamps,  however,  pass- 
ing from  the  open  lamp  to  the  inclosed  lamp,  is  one  that  directly 
benefits  the  public  and  the  user  of  light.  Admitting  that  the 
candle  power  is  considerably  less,  for  the  same  expenditure  of 
energy  in  the  lamp,  the  light  is  so  much  easier  on  the  eyes  in 
the  immediate  neighborhood  of  the  lamp,  and  the  illumination  is 
so  much  more  uniform,  that  the  result  is  far  superior. 

A  comparison  of  candle  powers  between  the  direct-current 
open  arc,  the  alternating-current  inclosed  arc  and  the  direct-cur- 

*Manuscript  received  December  10,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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rent  inclosed  arc  lamps,  is  somewhat  uncertain,  owing  to  the  dif- 
ferent methods  employed  by  different  observers  and  to  the  differ- 
ent standards  of  light  used.  In  fact,  the  result  of  candle-power 
measurements  of  arc  lamps  has  been  so  uncertain  that  very  few 
authoritative  data  upon  this  subject  have  been  published. 

In  Fig.  I  a  series  of  curves,  prepared  by  Mr.  H.  H.  Wait, 
of  Chicago,  and  presented  to  the  Northwestern  Electric  Associa- 
tion, is  reproduced  here  by  his  permission. 
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Fig.  I. 

Open  arc. 

Inclosed  arc,  clear  inner  globe. 

"  "     alabaster  inner  globe,  with  reflector. 

"  "    opal  inner  globe,  without  reflector. 


No.  I  represents  the  direct-current  open  arc  lamp. 

No.  2,  the  direct-current  inclosed  arc  lamp  with  clear  inner 
globe. 

No.  3,  the  direct-current  inclosed  arc  lamp  with  alabaster 
inner  globe  and  with  reflector. 

No.  4,  the  alternating-current  inclosed  arc  lamp,  with  ala- 
baster inner  globe  and  with  reflector. 
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No.  5,  the  alternating-current  inclosed  arc  lamp,  with  opal 
inner  globe  and  without  reflector. 

These  curves  show  very  decidedly  the  sacrifice  of  maximum 
illumination,  in  one  direction,  in  order  to  secure  a  more  uniform 
distribution  of  light  and  a  better  average  illumination. 

It  is  almost  universally  conceded  that  the  direct-current  in- 
closed arc  lamp  produces  more  light  per  watt  than  the  inclosed 
alternating-current  arc  lamp,  but  the  exact  ratio  between  them 
has  not,  to  my  knowledge,  been  determined.  The  best  data 
that  I  am  able  to  find  are  the  tests  made  by  Prof.  C.  P.  Mathews, 
of  Purdue  University,  under  the  direction  of  the  Committee  on 
Arc-Light  Photometry  of  the  National  Electric  Light  Associa- 
tion. His  tests  are  based  on  constant-potential  lamps,  instead 
of  upon  series  lamps,  and  his  watt  measurements  are  taken  across 
the  lamp  terminals  instead  of  across  the  arc  only.  He  has  tested 
8  direct-current  inclosed  arc  lamps  and  7  alternating-current  in- 
closed lamps,  made  by  different  manufacturers.  The  average 
difference  in  candle  power  between  the  direct-current  lamps  and 
the  alternating-current  lamps  is  30  per  cent.,  the  average  differ- 
ence in  watts  consumed  at  the  terminals  of  the  lamp  is  27  per 
cent.;  the  difference  in  watts  at  the  arc  is  12^  per  cent. 

Taking  one  particular  case,  comparing  the  performance  of  a 
direct-current  558-watt  lamp,  with  no  outer  globe  and  no  shade, 
with  a  418-watt  alternating-current  lamp,  with  shade,  gives  a 
difference  of  39  per  cent,  in  light  in  favor  of  the  direct-current 
lamp  at  an  expenditure  of  23  per  cent,  more  power  in  watts. 
There  is  apparently  but  slight  difference  between  the  efficiencies 
of  these  lamps  when  the  watts  across  the  terminals  are  consid- 
ered. 

His  data  also  give  the  watts  at  the  arc  in  each  of  these  lamps. 
The  average  watts  used  by  the  D.  C.  lamps  are  529,  of  which 
384  are  available  in  the  arc,  and  144  or  27  per  cent,  are  wasted  in 
the  dead  resistance  and  in  the  mechanism  of  the  lamp.  The  aver- 
age watts  used  by  the  A.  C.  lamp  are  417,  of  which  342  are  avail- 
able in  the  arc  and  74.5  or  18  per  cent,  are  wasted  in  the  mechan- 
ism. If  we  reduce  the  results  obtained,  to  the  basis  of  light  pro- 
duced by  watts  in  the  arc,  we  find  that  the  difference  in  candle 
power  with  the  same  expenditure  of  energy  in  the  arc  is  approxi- 
mately 16  per  cent,  in  favor  of  the  direct-current  lamp.  The 
average  current  for  the  direct-current  lamps  was  4.90  and  for  the 
alternating-current  lamps  6.29. 

Fig.  2  shows  two  curves  from  his  data  for  450  watts-in-the-arc 
arc  lamps.      In  this   figure,   curves    i    and  2   are   for  the   direct- 
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current  lamps;  curves  3  and  4  are  for  the  alternating-currcui 
lamps.  These  arc  approximations  only,  since  the  candle  power  of 
the  lamp  varies  greatly  with  different  makes  of  carbons  and  with 
different  current  densities  in  the  arc.  These  curves  can  be  con- 
sidered as  approximating  closely  the  conditions  in  series  inclosed 
lamps,  since  in  this  type  of  lamp  only  3. per  cent,  of  the  energy 
is  used  in  the  mechanism  of  the  lamp. 
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The  company  which  recently  secured  the  electric  lighting 
contract  in  St.  Louis  for  the  next  ten  years  proposed,  at  the 
time  of  the  award,  to  build  a  new  power  house  and  plant  complete, 
equipped  for  commercial  lighting  as  well  as  for  public  lighting. 
Many  of  the  contracts  for  machinery  were  awarded  and  actually 
signed,  when  the  sale  of  the  stock  of  the  company  to  local  in- 
terests changed  entirely  the  scheme  and  development  of  the  plant. 
Believing  tliat  the  engineering  details  in  connection  with  this 
work  mav  have  some  general  interest,  I  will  describe  briefly  the 
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principal  engineering  features  connected  with  the  new  electric 
lighting  system  in  this  city. 

The  general  design  of  this  plant,  as  installed,  was  outHned 
in  the  report  of  the  engineers  of  the  Imperial  Electric  Light, 
Heat  and  Power  Company,  under  date  of  September  3,  1897,  as 
follows : 

"In  an  enterprise  of  this  magnitude  it  seems  to  us  advisable 
to  bear  in  mind  the  possibility  of  doing  the  city  lighting  from  this 
same  plant.  For  a  steady  load,  such  as  all-night  street  hghting, 
when  the  generators  can  be  worked  to  their  full  capacity  during 
their  entire  run,  there  is  no  apparatus  that  surpasses  the  direct- 
current  machine  and  series  direct-current  arc  lamp.  The  new 
series  inclosed  150-hour  arc  lamp  is  being  put  upon  the  market 
now  and  the  reports  that  we  have  from  it  are  entirely  satisfactory. 
Large  direct-current  multiple-circuit  series  arc  lighting  genera- 
tors can  now  be  obtained,  suitable  for  direct  connection  to  en- 
gines, and  give  a  large  and  efficient  unit  without  the  necessity  of 
excessively  high  voltage.  We  believe  that  this  type  of  generator 
would  fulfill  the  requirements  of  city  lighting  better  than  any 
alternating  current  or  constant  potential  direct-current  apparatus 
would  do." 

Anticipating  the  city  lighting  contract,  the  company  installed 
one  extra  duct  throughout  its  entire  underground  system,  and  a 
trunk  line  of  ten  extra  ducts  north  and  south  to  the  limits  of  the 
underground  district  for  the  purpose  of  arc  lighting.  This  fore- 
sight has  made  it  possible  for  the  present  contractors  for  city 
lighting  to  install  their  work  in  the  underground  district  within 
the  time  available,  an  accomplishment  that  would  have  been  im- 
possible for  any  company  having  to  install  an  entirely  new  system 
of  conduits. 

The  question  of  type  of  apparatus,  whether  to  use  the  direct- 
current  series  inclosed  arc  lamp,  or  its  formidable  rival,  the  alter- 
nating series  inclosed  arc  lamp,  was  promptly  decided  by  the 
adoption  of  the  former.  The  comparative  difference  in  candle 
power  of  the  two  lamps,  with  the  same  consumption  of  energy, 
was  unquestioned,  and,  since  the  city  lighting  contract  calls  for 
an  expenditure  of  480  watts  at  the  arc,  leaving  the  question  of 
candle  power  entirely  out  of  consideration,  it  was  the  desire  of  the 
company  to  give  the  public  the  benefit  of  the  16  per  cent,  in- 
crease in  light. 

Advocates  of  the  alternating-current  system  claim  that  they 
can  deliver  more  light  from  alternating-current  lamps,  operated 
from    large    constant-potential    alternating-current    generators, 
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than  can  be  obtained  from  the  use  of  direct-current  apparatus. 
While  this  is  an  open  question,  and  one  dependent  almost  entirely 
upon  the  economy  of  the  steam-generating  and  steam-using  ap- 
paratus in  the  station,  it  did  not  enter  seriously  into  the  con- 
sideration of  design  of  plant  under  the  existing  conditions.  The 
Imperial  plant  was  already  in  operation,  with  a  direct-current 
system  that  had  proved  its  efficiency  and  adaptability  to  the  ser- 
vice intended;  and  the  city  lighting  load,  consisting  of  but  525 
K.  \\'.,  was  too  small  a  factor  to  affect  seriously  the  design  of 


Fig.  3.     Motor-Driven  Arc  Dynamos. 


the  entire  plant.  It  is  admitted  that  driving  these  arc  dynamos 
by  means  of  compound  condensing  engines  would  be  more  efft- 
cient,  from  coal  to  watts-at-arc,  than  the  present  motor-driven 
units  which,  as  shown  below,  give  an  efificiency  of  transformation 
of  8c^^  per  cent.  About  one-third  of  this  19^  per  cent,  loss  is 
probably  in  the  motor,  and  could  have  been  saved  by  driving 
direct  from  the  engine.  It  is  believed,  however,  that  the  practical 
advantages  to  be  obtained  from  a  plant  of  this  design,  where  a 
multiplication  of  small  units  is  avoided,  where  one  man  can  oper- 
ate the  entire  station,  and  where  each  large  unit  in  the  Imperial 
plant  is  a  reserve  unit  for  the  city  lighting  work,  are  so  great  that 
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they  overbalance  the  saving  in  coal  obtained  by  placing  the  prime 
movers  directly  connected  to  the  arc  machines. 

The  arc  lighting  plant  consists  of  12  iio-light  Western  Elec- 
tric series  arc  dynamos,  built  upon  their  standard  125-light 
frames,  and  each  machine  guaranteed  capable  of  operating  no 
500-watt  series  inclosed  arc  lamps  through  40  miles  of  No.  8 
B.  &  S.  circuit.  Each  two  arc  machines  are  driven  by  a  200 
horse-power  direct-current  500-volt  motor,  the  three  comprising 
a  self-contained  unit,  five  of  which  are  capable  of  operating  the 
present  citv  lights,  leaving  one  unit  as  reserve.     These  machines 


Fig.  4.     500- Volt  Switchboard. 

are  located  at  present  in  a  temporary  building  adjoining  the  Im- 
perial plant  on  the  east  side  and  located  on  the  south  side  of  St. 
Charles  street,  just  west  of  Ninth  street.  In  the  design  of  the 
complete  plant  these  arc  generators  will  be  on  the  second  tloor 
of  the  building,  leaving  the  entire  ground  space  available  for 
boilers,  engines  and  500-volt  direct-connected  generators.  Fig. 
3  shows  these  machines. 

Fig.  4  shows  the  500-volt  constant-potential  switchboard, 
with  switch,  starting  box,  ampere  meter,  etc.,  for  each  motor- 
driven  unit.  The  center  of  the  board  contains  an  illuminated- 
scale  Weston  500-volt  volt  meter,  showing  the  potential  upon  the 
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bus  bars  at  all  limes.     IiicIoschI  fuses  for  each  circuit  are  placed 
ou  the  rear  of  the  board. 

I'ig.  5  shows  the  arc  board,  coutaiuiug  12  dynamo  circuits 
and  12  outside  circuits.  The  terminals  are  widely  separated,  the 
positive  being-  at   tlic  top  of  the  board  and  the  negative  at  tiic 


Fk;.  5.     Arc  Lighting  Switchboard. 

bottom.  Each  circuit  contains  a  combination  Weston  ampere 
meter  and  polarity  indicator.  There  is  a  transfer  bus  across  the 
middle  of  the  board,  so  that  a  dynamo  at  one  end  of  the  board 
can  be  connected  to  a  circuit  at  the  other  end  without  stretching 
long  connecting  cables  across  the  front  of  the  board.     The  center 
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of  the  board  contains  a  Weston  io,ooo-volt  volt  meter  with  termi- 
nal plugs.  There  is  also  a  ping  for  ground  connection,  and  two 
plugs  for  500-volt  connection  used  for  testing  circuit  during  the 
day.  At  the  rear  and  above  the  board  can  be  seen  the  static  ar- 
resters which  will  be  mentioned  later. 

The  arc  machines  are  of  the  ironclad,  Gramme  Ring  arma- 
ture, bipolar  type,  each  equipped  with  the  well-known  Western 
Electric  regulator.  A  special  lightning  arrester  is  placed  upon 
the  pole  of  the  machine  in  such  a  manner  that  the  stray  mag- 
netism from  the  pole  piece  blows  out  the  arc  when  a  discharge 
takes  place. 

The  motors  are  6-pole  ironclad  machines,  and  operate  at  a 
speed  of  approximately  675  revolutions  per  minute.  Each  motor 
has  a  special  field  rheostat,  by  which  the  speed  can  be  regulated 
through  a  range  sufficient  to  provide  for  the  variation  in  voltage 
due  to  commercial  load  on  the  station  bus  bars  supplying  the 
motors. 

There  are  three  circuits  in  the  underground  district,  each 
containing  approximately  105  lamps.  These  are  supplied  through 
No.  8  B.  &  S.  lead-covered  cables,  manufactured  by  the  Standard 
Underground  Cable  Company,  having  6-32  inch  rubber  and  3-32 
inch  lead.  The  cables  are  drawn  into  the  ducts  in  continuous 
lengths,  from  the  base  of  the  iron  arc  lamp  pole  on  one  corner  to 
the  base  of  the  iron  arc  lamp  pole  on  the  next  corner,  thus  avoid- 
ing all  joints,  either  inside  the  ducts  or  in  the  manholes.  The 
district  north  of  the  underground  district  is  supplied  by  four 
overhead  circuits,  each  containing  approximately  90  lamps.  They 
are  carried  through  the  underground  district  to  its  limit  at  Ninth 
and  Wash  streets,  by  means  of  a  12-conductor  lead-covered  cable, 
the  12  wires  being  placed  in  one  cable  and  surrounded  by  a  lead 
sheath  -J  inch  in  thickness.  This  cable  provides  for  four  extra 
wires  for  increase  of  plant  or  for  use  in  case  of  trouble  on  any 
one  conductor. 

The  district  south  of  the  underground  is  supplied  by  three 
circuits  of  approximately  90  lamps  each,  carried  to  the  limit  of 
the  underground  district  at  Seventh  and  Spruce  streets  through 
a  similar  12-conductor  cable. 

For  the  overhead  circuits  triple-braided  weather-proof  wire 
is  used,  supported  on  double-petticoat  glass  insulator. 

The  lamps  are  suspended  at  the  corners  of  street  intersec- 
tions by  means  of  iron  arc  lamp  poles.  The  interior  of  the  pole, 
as  shown  in  Fig.  6,  contains  a  hoisting  windlass  and  pulleys  for 
raising  or  lowering  the  lamp.     The  figure  also  shows  the  method 
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of  insulating  the  wires  where  they  leave  the  iron  pole  and  swing 
up  to  the  lamp.  The  lead-covered  cable  is  hrouf^^ht  from  the 
manhole,  or  service  box  in  the  street,  through  an  iron  pipe  lateral, 
both  cables  of  the  circuit  being  placed  in  the  same  2^-inch  iron 
pipe.     In  the  base  of  the  lamp  they  end  in  special  hard  rubber 


Fig.  6. 

terminals,  placed  over  the  end  of  the  lead  sheaths  and  filled  with 
paraffine  to  prevent  any  possibility  of  moisture  entering  the  cable. 
From  this  special  terminal  a  rubber-covered  duplex  cable,  con- 
sisting of  2  No.  12  B.  &  S.  flexible  wires  surrounded  by  7-64  inch 
of  rubber  and  the  two  conductors  braided  together,  extends  up 
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through  the  pole.  This  cable  passes  out  through  the  special 
porcelain  insulator  and  up  to  the  lamp,  being  supported  above 
the  lamp  upon  a  porcelain  knob  spreader  and  connected  to  a 
solid  wire  which  enters  the  binding  post  of  the  lamp,  providing 
a  solid  and  secure  connection  at  the  binding  post.  These  solid 
wires  are  bared  for  a  short  distance  at  a  point  midway  between 
the  porcelain  knob  and  the  binding  post  of  the  lamp,  providing 
a  space  where  a  specially  constructed  "jumper"  can  be  readily 
attached  whenever  it  may  become  necessary  for  a  lamp  to  be 
changed  while  the  circuit  is  in  operation.  The  linemen  carry  in- 
sulated stools  upon  which  they  stand  while  handling  the  live  cir- 
cuits. 

The  use  of  a  switch  in  the  base  of  these  poles,  by  which  the 
lamp  could  be  cut  out  of  circuit  entirely  while  a  lineman  is  work- 
ing upon  it,  would  be  very  desirable,  and  such  a  switch  was  in- 
stalled before  the  plant  was  put  into  operation.  It  took  a  very 
short  experience,  however,  with  these  switches,  which  were  the 
best  the  market  afforded,  to  convince  all  connected  with  the  en- 
terprise that  they  were  a  failure  in  the  position  in  which  they 
were  placed.  Being  convinced  that  it  would  be  impossible  to  de- 
sign a  practical  switch  which  would  occupy  the  limited  space 
available  in  the  base  of  these  poles  and  still  be  safely  operative 
upon  8000  volt  circuits,  they  were  abandoned  entirely  and  the 
solid  connection  was  made  as  above  described. 

The  use  of  iron  poles  for  the  suspension  of  arc  lamps  was  a 
condition  of  the  city  contract,  which  left  the  engineers  no  option. 
The  use  of  special  terminals  and  the  cable  above  described  in 
the  underground  district,  and  the  use  of  special  triple-petticoat 
glass  insulators  on  the  poles  on  the  overhead  circuits,  will,  we 
believe,  render  the  circuity  safe  from  anything  but  the  ordinary 
mechanical  accidents  incident  to  any  class  of  apparatus  placed 
upon  the  streets  of  a  city. 

As  intimated  above,  some  trouble,  due  to  the  static  discharge 
from  the  underground  cables,  was  encountered.  This  was  not 
unanticipated;  but  it  was  believed  that  drawing  both  cables 
through  the  same  iron  duct,  where  they  enter  the  base  of  the 
iron  arc  lamp  pole,  would  provide  a  sufficient  connection  between 
t'.ie  two,  so  that  the  lead  sheaths  would  be  practically  connected 
together  throughout  the  entire  circuit.  At  the  plant  all  of  the  six 
cables  of  the  three  circuits  were  drawn  into  the  same  duct  of  the 
conduit  and  with  the  same  object  in  view.  It  was  ascertained, 
however,  soon  after  starting  the  plant,  that  these  contacts  were 
not  sufficient.     The  static  effect  from  the  cables  manifested  itself 
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in  the  short-circuiting  of  arc  lamps  through  the  insulation  at  the 
top  of  the  inclosing  globe,  where  the  full  difference  of  potential 
of  the  lamp  is  effective.  The  lead  sheaths  of  all  the  cables  were 
securely  soldered  together  in  the  manholes  where  they  enter  the 
lateral  which  goes  into  the  lamp  poles.  They  were  also  con- 
nected securely  together  at  the  plant  just  behind  the  switchboard. 
These  efforts  had  little,  if  any,  beneficial  effect  upon  the  opera- 
tion of  the  circuits.  In  addition  to  this,  a  special  static  dis- 
charger, shown  diagrammatically  in  Fig.  7,  consisting  of  an  ordi- 
nary Leyden  jar  condenser,  was  connected  to  the  copper  of  each 
circuit  at  the  rear  of  the  switchboard  in  the  plant.  Each  con- 
denser is  provided  with  a  revolving  contact  arm,  driven  by  a  small 
motor  which  alternately  connects  the  condenser  to  positive  wire, 


Fig.  7.     St.\tic  Discharger. 


to  ground,  to  negative  wire  and  to  ground,  thus  receiving  a 
charge  from  the  line  and  discharging  it  to  ground  about  30  times 
per  minute.  '  After  this  apparatus  was  installed  the  static  effect 
of  the  cables  has  so  entirely  disappeared  that  it  is  not  appreciable 
in  the  operation  of  the  plant. 

The  city  contract  includes  739  32  candle-power  incandescent 
lamps,  located  in  the  alleys  throughout  the  electric-lighted  dis- 
trict. These  are  all  supplied  from  the  regular  3-wire  235-470  volt 
mains  of  the  Imperial  Company,  requiring,  therefore,  no  special 
apparatus.  It  might  be  of  interest,  however,  to  show  a  special 
switch  designed  for  switching  these  circuits  in  and  out  by  means 
of  the  arc  lighting  current.  This  switch,  which  was  designed 
by  Mr.  E.  P.  Warner,  of  Chicago,  is  shown  in  Fig.  8.  When  the 
arc  current  is  turned  on  it  operates  upon  the  solenoid,  which,  act- 
ing through  the  lever,  closes  a  3-wire  500-volt  switch,  switching  on 
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the  alley  incandescent  lights  throughout  the  district  controlled 
by  this  particular  switch.  When  the  arc  circuit  is  shut  down  in 
the  morning  the  plunger  of  the  solenoid  is  released,  and,  in  fall- 
ing, it  opens  the  switch,  cutting  the  incandescent  lights  out  of 
circuit.  This  simple  arrangement  saves  the  services  of  a  man, 
with  horse  and  wagon,  to  go  around  and  start  the  incandescent 
lights,  saving  also  the  loss  of  current  in  switching  lamps  on  ahead 


\ 


Fig.  8.    500- Volt  Switch  Electrically  Controlled  by  Arc  Circuit. 

of  time  where  a  considerable  district  must  be  covered  and  all  the 
lamps  in  the  district  started  not  later  than  the  schedule  time. 

In  Table  A  are  shown  the  data  obtained  under  test  of  one  of 
the  motor-driven  arc-light  units,  the  test  continuing  from  12 
o'clock  midnight  until  the  closing-down  time  in  the  morning. 
The  first  column  gives  the  time;  the  second,  third  and  fourth 
columns  the  amperes  and  voltage  supplied  to  the  direct-current 
motor,  also  the  rise  in  temperature  of  the  motor  fields  during  the 
time  of  test.  The  fifth,  sixth  and  seventh  columns  give  the  am- 
peres, voltage  and  field  temperature  of  one  of  the  arc  dynamos; 
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column  eight  and  nine,  the  amperes  and  voltage  of  the  other  arc 
dynamo.  Column  ten  gives  the  speed  of  the  unit,  column  eleven, 
the  temperature  of  the  air  in  the  room,  and  column  twelve  the 
efficiency,  being  the  ratio  of  the  electrical  input  to  the  electrical 
output  of  the  unit.     You  will  observe  that  each  reading  gives  two 

TABLE  A. 
Test  of  Motor-Driven  Arc  Unit. 


Motor. 

No.  7  Arc  Dynamo. 

No.  8 
Arc  Dynamo. 

Speed. 

Air 

Temp. 

F° 

Effi- 

Time. 

Amp. 

Volts. 

Field 

Temp. 

F°. 

Amp. 

Volts. 

Field 
Temp. 

Amp. 

Volts. 

ciency. 

I2-IO 

325 
300 

490 

482 

140 

1 

1  70 
6.7 

8580 
8125 

128 

7.0 
68 

9346 
8850 

675 

108 

no 

78.6 

12-30 

330 
,  302 

487 
480 

147 

7.0 
6.8 

8791 
8325 

130 

7-1 
6.9 

9346 
8850 

677 

109 
114 

79.0 

I -GO 

325 
305 

497 

488 

154 

7.0 
6.8 

9425 
8925 

135 

6.9 
6.7 

9610 
9100 

676 

109 
114 

82.5 

1-30 

340 
320 

505 
493 

157 

,  7.0  j  9610 
6.9  9100 

140 

7.0 
69 

9979 
9450 

676 

108 

no 

79.8 

2-00 

325 
303 

512 
502 

158 

7.0  9610 
6.8  9100 

142 

7.0 
6.8 

9504 
9000 

700 

X07 
109 

80.4 

2-30 

320 

300 

500 

490 

160 

6.9  9346 
6.8  8850 

144 

7.2 
7.0 

9187 
8700 

701 

109 
112 

81.0 

3-00 

330 
310 

500 
490 

162 

7.0  9504 

6.8  9000 

147 

7.1 
6.9 

9557 
9050 

695 

108 
107 

80  9 

3-30 

327 
305 

505 
495 

162 

7.0  9400 
6.9  8900 

148 

7.0 
6.8 

9504 
9000 

700 

no 

116 

80.0 

4-00 

325 
305 

507 

498 

154 

7.0  9504 
6.9  9000 

151 

7.0 
6.8 

9610 
9100 

720 

107 

107 

81.2 

4-30 

327 
305 

515 
504 

153 

70  9557 
6.9  9050 

152 

7.0 
6.8 

9820 
9300 

715 

109 

115 

80.5 

5-00 

320 

300 

515 
503 

150 

7.0  9900 
6.9  9375 

152 

7.0 
6.8 

9504 
9000 

730 

no 
117 

82.4 

5-50 

323 
305 

520 
507 

148 

7-0  9451 
6.9  ,  8950 

148 

7.0 
6.8 

9583 
9075 

100 
no 

79-3 

Average  e 

fficienc 

T   • 

• 

80.5 

figures,  the  first  figure  in  each  case  being  that  of  the  standard 
test  instruments,  while  the  second  reading  is  that  of  the  regular 
station  switchboard  instruments.  The  test  instruments  read  uni- 
formly higher  than  the  station  instruments.  They  were  carefully 
compared  with  recently  calibrated  instruments,  and  they  are  be- 
lieved to  be  correct.     The  total  capacity  called  for  in  each  of 


32 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


these  arc  machines,  as  given  above,  is  1 10-500  watt  arc  lamps  each 
through  40  miles  of  No.  8  B.  &  S.  wire.  This  is  equivalent  to  a 
total  voltage  of  8750  volts  at  7  amperes.  The  test  shows  that 
the  machines  ran  above  their  rated  load  during  the  entire  test, 
the  load  on  one  reaching  as  high  as  9979  volts,  which  is  15  per 
cent,  above  the  rating. 

The  guaranteed  efficiency  of  the  unit  was  78^:  per  cent.  The 
average  efficiency  during-  test  was  80^  per  cent.,  reaching,  in  one 
case,  as  high  as  82^  per  cent,  and  in  another  82.4  per  cent.  The 
machines  came  well  within  their  guarantees  regarding  rise  in  tem- 
perature of  all  of  their  conductors.  It  will  be  noted  that  the 
temperature  of  the  motor  fields  reached  its  maximum  at  3  a.m., 
and  from  that  time  steadily  decreased,  although  the  work  being 
done  by  the  motor  increased  slightly  during  the  test.  This  de- 
crease in  temperature  is  probably  due  to  a  slight  increase  in  the 
speed  of  the  unit  following  the  high  voltage  at  the  bus  bars.  The 
voltage  readings  of  the  arc  circuits  show  but  slight  increase  dur- 
ing the  night,  after  the  number  of  lamps  in  circuit  was  allowed 
to  remain  constant.  This  increase  of  voltage  is  more  noticeable 
on  another  type  of  lamp  shown  in  the  next  table. 


TABLE  B. 
Tkst  of  High-Voltage  Arc  Circuits. 


Time. 

No.  2  C 

IRCUIT. 

No.  I  Circuit. 

Amperes. 

Volts. 

Amperes. 

Volts. 

6-36 

65 

5900 

6.5 

7000 

7-00 

6.5 

6400 

6.6 

7300 

7-35 

6.5 

6900 

6.5 

6500 

8-00 

6.5 

7200 

6.6 

6900 

8-30 

6.5 

7450 

6.5 

7400 

9-00 

6.5 

7700 

6.5 

7900 

9-30 

6.5 

7650 

6.5 

8350 

10-00 

6.5 

7700 

6.5 

8550 

10-30 

6.5 

7450 

6.5 

S60O 

11-00 

6.5 

7350 

6.5 

8750 

11-40 

6.5 

7150 

6.4 

*6500 

12-00 

6.5 

7150 

6.5 

6900 

12-10 

6.5 

7100 

6.5 

6950 

♦Machine  flashed  just  before  reading  was  taken. 
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Table  B  gives  data  obtained  from  a  test  of  another  high- 
voltage  plant  in  a  neighboring  city;  column  one  gives  the  time, 
columns  two  and  three  give  the  amperes  and  voltage  upon  one 


Oct     1635  Also  Loao    Cuhve    Nov.  (900  Showing  City  LioHTina    Load 


Fig.  g. 

circuit  and  columns  four  and  five  the  amperes  and  voltage  on  the 
other  circuit.  These  were  both  overhead  circuits.  The  former 
contained  92  lamps  and  the  latter  no.  'This  last  circuit  had  5 
lamps  more  than  either  of  the  circuits  shown  in  the  last  table. 
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These  lamps,  an  hour  after  they  had  been  put  in  operation,  used 
but  64  volts  per  lamp,  including  the  loss  in  the  line.  After  they 
had  been  in  operation  for  about  five  hours,  however,  the  voltage 
per  lamp  had  increased  to  68  volts  and  78  volts,  respectively,  for 
the  two  circuits,  the  lower  voltage  per  lamp  of  one  circuit  being 
accounted  for  by  a  number  of  newly-trimmed  lamps  upon  that 
circuit.  This  characteristic  of  an  arc  lamp  is  a  serious  drawback 
for  street  lighting,  inasmuch  as  the  lights  show  dim  during  the 
first  part  of  the  night,  when  people  are  upon  the  street  and  the 
light  is  needed,  and  show  up  much  brighter  during  the -latter 
half  of  the  night  when  the  streets  are  practically  deserted,  and 
when  the  light  is  not  so  essential. 

In  a  paper  read  before  this  Club  last  year  I  showed  the  load 
carve  of  the  Imperial  plant,  which  I  will  reproduce  in  Fig.  9,  I 
repeat  it  here  for  the  purpose  of  showing  what  a  small  efifect  the 
city  lighting  load  has  upon  the  total  load  of  the  plant.  The  lower 
line  gives  the  preliminary  load  curve,  prepared  by  the  engineers 
before  the  plant  was  built  and  submitted  in  their  preliminary  re- 
port covering  the  design  of  the  plant.  The  second  line  gives  the 
load  upon  the  plant  one  year  after  it  had  started,  and  a  year  and 
one  month  ago.  It  illustrated  the  use  of  the  battery  at  that  time, 
and  attention  was  called  to  the  large  all-night  load,  the  com- 
paratively low  peak  or  maximum  load  and  the  high  average  for 
the  entire  twenty-four  hours,  which  is  39.27  per  cent,  of  the  maxi- 
mum. A  year  ago  the  peak  of  the  load  was  5600  amperes.  The 
third  or  highest  curve  gives  the  present  load-curve  of  the  plant, 
showing  the  changed  use  of  the  battery,  which  is  no  longer  able 
to  carry  the  night  load  and  allow  the  shutting  down  of  the  plant. 
It  is  still  available  for  doing  its  full  load  capacity  at  the  peak  of 
the  load,  and  its  use  as  a  balancer  and  equalizer  of  pressure  is  the 
same  as  it  was  a  year  ago.  The  increase  in  the  all-night  load  is 
only  partly  due  to  city  lighting,  the  city  lighting  load  being  only 
about  half  of  the  present  total  all-night  load.  The  dotted  curve 
shows  the  load  on  the  plant  exclusive  of  city  arc  lighting. 

The  station  at  present  shows  a  maximum  load  of  over  13,000 
amperes,  which  is  more  than  twice  the  maximum  of  thirteen 
months  ago,  which  was  5600  amperes.  The  average  load  for  the 
twenty-four  hours  has  increased  from  2198  amperes  to  its  present 
amount  of  6345  amperes,  approximately  three  times  as  much  as 
that  of  a  year  ago,  and  greater  than  the  maximum  load  on  the 
plant  at  that  time.  The  load-factor  of  the  plant  has  increased 
from  39.27  per  cent,  to  47.7  per  cent.,  giving  a  load-factor  that 
can  be  equaled  by  few,  if  by  any,  plants  in  this  country. 
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Bv  William  O.  Webber,  Member  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  November  21.  1900.*] 

The  use  of  compressed  air  for  power  purposes  and  as  a 
means  for  the  transmission  of  power  is  much  older  than  is  usually 
conceded.  It  was  used  by  Smeaton  in  1786,  by  Medhurst  in  1810, 
by  Rennie  in  1812,  by  Vallance  in  1818,  at  the  Triger  mines  of 
Challones  in  1845,  '^X  Cubitt  in  sinking  the  piers  of  the  Rochester 
bridge  in  1851.  Brunei  also  made  a  similar  use  of  it  at  Saltash  in 
1854.  It  was  also  used  by  Brunei  on  the  Thames  Tunnel,  by 
Barlow  on  the  Thames  Subway  and  in  the  shaft  of  the  Marie  Col- 
liery in  1856. 

Air  has  been  transmitted  for  considerable  distances  and  under 
a  great  range  of  pressures.  At  the  Mont  Cenis  Tunnel,  air  was 
transmitted  to  the  boring  machinery  20,000  feet  under  a  pressure 
of  105  pounds  per  square  inch.  In  the  installation  at  Paris,  in  1881, 
by  M.  Popp,  the  length  of  the  pipes  slightly  exceeded  twenty-four 
miles.  This  plant,  as  well  as  the  one  installed  by  the  same  person 
in  Vienna  in  1877,  was  originally  used  for  the  running  and  regu- 
lating of  clocks,  but  it  afterward  developed  into  power  for  work- 
ing small  motors.  In  Paris  the  main  is  a  steel  pipe  20  inches  in 
diameter,  and  the  air,  maintained  at  90  pounds  pressure,  transmits 
6000  horse  power. 

At  a  large  compressed-air  plant  at  Offenbach,  near  Frank- 
fort-on-the-Main,  air  is  distributed  through  25,000  feet  of  cast 
iron  pipe  under  90  pounds  pressure.  At  the  Portsmouth  Dock 
Yards,  England,  air  is  transmitted  through  14,000  feet  of  pipe, 
varying  from  3  to  12  inches  diameter,  under  60  pounds  pressure, 
and  is  used  to  drive  forty  7-ton  capstans,  five  20-ton  cranes  and 
machinery  for  working  seven  caissons. 

There  is  also  a  large  compressed-air  plant  at  the  Terni  Steel 
Works  in  Central  Italy.  In  this  plant  1,200,000  cubic  feet  of  air 
per  day,  under  75  pounds  pressure,  are  used  to  drive  a  loo-ton 
hammer,  a  100  and  150-ton  crane  and  numerous  engines. 

In  this  country  2,500,000  cubic  feet  of  air  per  day,  at  60  pounds 
pressure,  delivering  1700  horse  power,  are  used  at  the  Chapin  mines 
in  Michigan.  The  mains  in  this  plant  are  24-inch  wrought  iron 
pipes,  one-quarter  inch  thick.  Very  successful  compressed-air 
tramways  have  been  operated  for  a  number  of  years  at  Berne, 
Switzerland,  and  at  Nantes,  France. 
♦Manuscript  received  December  31,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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Mekarski  used  compressed  air  for  driving  tramway  cars  in 
1877. 

In  all  of  the  above-named  uses  of  compressed  air,  the  com- 
pression was  produced  by  steam-actuated  mechanical  compressors. 
The  older  ones  were  all  simple  compressors,  Mekarski  being  the 
first  to  use  compound  compressors,  and  he  was  followed  in  this 
line  by  Northcote  in  1878. 

The  adaptability  of  compressed  air  for  various  uses  is  very 
great.  While  electricity  supplies  power  and  light  very  directly,  it 
cannot  be  used  for  heating  except  at  a  prohibitive  cost.  Gas  is 
used  very  directly  to  supply  heat,  power  and  light,  but  is  expensive 
for  heating  and  power  at  the  prices  generally  charged.  City  water 
pressure  can  be  used  to  supply  power,  and  indirectly  light,  by  the 
use  of  a  water  motor  driving  a  dynamo,  but  is  too  expensive  for 
most  purposes.  Steam  supplies  heat  and  motive  power  almost 
directly,  and  indirectly  light  through  a  dynamo.  It  is,  however, 
more  expensive  than  compressed  air,  and  involves  more  risk  and 
attention.  Compressed  air  can  be  used  directly  as  a  source  of 
motive  power,  ventilation  and  refrigeration ;  also  in  the  operation 
of  elevators. 

We  have  already  mentioned  its  use  in  connection  with  power 
hammers,  cranes  and  motors.  For  drying  purposes  it  is  even 
more  efficient  than  heat.  Compressed  air  is  also  largely  suscepti- 
ble to  double  uses.  For  instance,  after  it  has  been  used  cold,  or 
without  pre-heating  expansively  in  a  motor  to  produce  power,  the 
exhaust  furnishes  an  efficient  and  cheap  method  of  producing  re- 
frigeration. When  pre-heated  and  then  used  through  a  motor 
the  exhaust  is  still  hot  enough  to  contribute  considerably  to  the 
heating  of  a  building. 

In  the  transmission  of  compressed  air  over  long  distances,  the 
loss  of  pressure  due  to  friction  in  pipes  of  proper  sizes,  and  the  loss 
due  to  leakage  in  properly  constructed  pipes  and  joints,  are  very 
small.  Velocities  of  from  30  to  50  feet  per  second  are  allowable. 
When  an  air  distribution  system  is  introduced  into  a  thickly  settled 
community,  the  safety  from  the  air  main  is  much  greater  than  from 
a  steam  main  or  a  water  main  under  pressure,  and  a  leakage  or  even 
the  bursting  of  such  a  pipe  is  attended  with  very  much  less  damage. 

Another  great  advantage  in  such  a  case  is  that  power  users 
require  no  new  plant,  and  need  incur  no  outlay  for  motors.  Their 
present  steam  engines,  with  little  or  no  alteration,  are  admirably 
adapted  for  serving  as  air  motors. 

Tests  of  small  motors  of  from  one  to  two  horse  power,  using 
air  at  the  ordinary  atmospheric  temperature  and  at  735  pounds  per 
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square  inch  absolute,  exhausting  at  from  33°  to  54',  required  a 
consumption  of  1200  cubic  feet  of  air  per  brake  horse  power  pei' 
hour.  At  the  Berne  tramway  the  air  is  compressed  to  450  pounds 
per  sijuare  inch.  On  the  average  the  cars  use  about  35  pounds  of 
air  per  car-mile.  This,  however,  was  used  in  connection  with  hot 
water.  In  small  motors  of  from  one  to  two  horse  power,  with  the 
air  pre-heated  to  a  temperature  of  about  158°  and  exhausting  at 
about  the  freezing  point  or  32°,  850  cubic  feet  of  air  per  brake  horse 
power  per  hour  were  used. 

In  some  very  carefully  conducted  trials  made  by  Professor 
Riedler,  using  an  80  horse  power  engine  which  was  actually  giving 
'J2  indicated  horse  power,  using  air  at  80  pounds  pressure,  heated 
to  320°,  \vith  cylinders  jacketed  with  hot  air  and  exhausting  at 
about  95°,  about  425  cubic  feet  of  air  per  brake  horse  power  per 
hour  were  used.     This  showed  an  efificiency  of  about  92  per  cent. 

Practically  all  that  has  been  said  above  refers  to  air  compressed 
by  the  old  methods  of  mechanical  compression.  We  now  come  to 
the  subject  of  air  being  compressed  directly  by  falling  water  or 
under  pressure.  Air  compressed  by  the  ordinary  methods  of 
mechanical  compression  contains  at  least  the  same  amount  of 
moisture  as  the  surrounding  atmosphere  from  which  it  was  com- 
pressed ;  and,  in  parting  with  the  heat  necessarily  contributed  to  the 
air  by  the  mechanical  compression,  it  is  inclined  to  absorb  more 
moisture.  There  is  incidentally  a  considerable  loss  of  energy  in 
parting  with  this  heat.  Air  compressed  directly  by  falling  water 
i£.  kept  at  the  same  temperature  as  this  water.  It  is  compressed 
isothermally,  and  the  consequent  expansion,  when  used  in  motors, 
produces  an  almost  truly  adiabatic  expansion  line.  Tests,  however, 
have  show'n  that  air  compressed  in  this  manner  contains  only  one- 
sixth  of  the  moisture  originally  in  the  surrounding  atmosphere  from 
which  it  is  compressed.  This  is  probably  because  the  moisture  in 
the  bubble  of  air  is  pressed  or  squeezed  out  to  its  surface  and  then 
absorbed  by  the  surrounding  water.  Incidentally  there  is  no  loss 
of  power  in  parting  with  any  heat,  and  there  is  a  practical  result 
which  is  of  more  importance, — the  hydraulically  compressed  air 
can  be  expanded  down  to  a  temperature  much  below  the  freezing 
point,  while  atmospheric  air,  wath  the  usual  amount  of  moisture, 
mechanically  compressed,  cannot  be  used  at  all,  owing  to  the 
freezing  up  of  the  exhaust  passages  of  the  motor  in  which  the 
attempt  to  use  it  is  being  made. 

During  some  tests  made  at  Magog  in  September,  1899,  owing 
to  the  conditions  under  which  these  tests  were  made,  the  change  in 
the  humiditv  in  the  air  was  not  so  great  as  above  stated.     The 
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moisture  in  the  external  air  showed  90  per  cent,  of  saturation,  and, 
after  compression,  29  per  cent.,  or  a  Httle  more  than  one  quarter. 
In  the  Magog  tests,  using  an  old  75  horse  power  Corliss  engine, 
with  air  at  53^  pounds  gage  pressure,  with  cold  air  direct  from  the 
compressor  at  from  66°  to  73°,  and  exhausting  down  to  the  ex- 
tremely low  point  of  42°  below  zero,  850  cubic  feet  of  air  per  brake 
horse  power  per  hour  were  used;  and,  with  the  air  pre-heated  to 
from  205°  to  295°  Farenheit,  and  exhausting  at  from  67°  to  68°,  620 
cubic  feet  of  air  per  brake  horse  power  per  hour  were  used. 

Probably  one  of  the  oldest  applications  of  the  use  of  water 
power  to  the  wants  of  man  was  a  form  of  hydraulic  air  compressor 
which  operated  as  an  entrainment  apparatus.  This  was  the  well- 
known  water  bellows  or  trompe  of  the  Catalan  forges. 

This  apparatus,  briefly  described,  consisted  of  a  bamboo  pole, 
disposed  at  a  slight  inclination  from  the  perpendicular,  into  the 
upper  end  of  wliich  a  stream  of  water  was  led,  entraining  air  with  it 
in  its  downward  passage.  The  lower  end  of  this  bamboo  pole  was 
introduced  into  a  bag  made  of  the  skin  of  some  animal,  the  air  be- 
ing allowed  to  escape  from  the  water  into  the  upper  part  of  the 
bag,  whence  it  was  led  by  pipes  or  tuyeres  to  the  forge,  the  water 
being  allowed  to  escape  from  the  lower  edge  of  the  bag.  From 
this  original  device  a  great  many  improvements  have  been  worked 
out,  and  besides  this  a  number  of  other  forms  of  hydraulic  air 
compressors,  or  of  compressors  using  other  liquids  for  com- 
pressing air  or  other  gases,  have  been  designed. 

Siemens  invented  an  apparatus  on  the  principle  of  the  steam 
injector,  but  the  use  of  this  was  confined  principally  to  the  produc- 
tion of  a  vacuum.  It  is  used  to  operate  the  pneumatic  dispatch 
tubes  in  London.  It  has  also  been  used  for  blast  purposes  in 
Siemens's  furnaces  and  in  sugar  works. 

Another  quite  ingenious  device.  Fig.  i,  shown  in  a  patent 
granted  to  W.  L.  Home,  consists  of  two  flat  plates,  A  and  B,  in- 
closing between  them  an  air  space  from  which  a  pipe  leads  to  the 
atmosphere.  The  upper  plate  A  is  perforated  with  conical  holes, 
the  smaller  end  of  each  hole  being  adjacent  to  the  air  space  between 
the  two  plates.  Directly  opposite  the  apertures  of  the  upper  plate 
A  are  corresponding  conical  apertures  in  the  lower  plate  B,  with 
the  smaller  end  of  the  aperture  next  the  air-space,  the  lower  and 
larger  part  of  the  conical  openings  being  prolonged  by  tubes  C  C. 
The  upper  plate  is  kept  under  a  head  of  water,  and  the  water  jet, 
passing  across  the  thin  air  space  referred  to,  draws  in  the  air 
through  the  large  air  pipe  D,  and  compresses  it  through  the  smaller 
orifices. 
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Another  device,  using  a  somewhat  similar  principle,  was  in- 
vented by  M.  Romilly.  It  consists  of  a  conical  tube  attached  to  an 
air  reservoir  by  its  larger  end,  and  having  a  check  valve  interposed 
in  the  passage  so  as  to  prevent  the  air  from  escaping.  Water  is 
then  injected  into  the  smaller  end  of  this  conical  tube  through  an 
ajutage  which  gives  it  the  form  of  a  liquid  vein  at  a  given  pressure. 
This  vein  entrains  the  air  with  it  and  causes  it  to  be  compressed  in 
the  reservoir. 


Fig.  I.     W.  L.  Horxe. 


But  all  of  the  apparatus  just  described  did  not  really  employ 
the  same  methods  as  those  used  in  the  old  trompe.  One  of  the  first 
inventions  carrying  out  this  idea,  Fig.  2,  was  made  by  Mr.  J.  P. 
Frizell,  of  Boston,  Mass.,  a  member  of  this  Society.  His  inven- 
tion made  use  of  an  inverted  siphon  having  a  considerable  hori- 
zontal run  D  between  the  two  legs  A  and  B.  A  stream  of  water 
was  led  into  the  upper  end  of  the  longer  leg  A,  and  at  the  top  of 
the  horizontal  run  D  between  the  two  legs  of  the  siphon  was  pro- 
vided an  enlarged  chamber  C  in  which  the  air  separated  from  the 
water.  The  water  was  then  led  off  from  the  lower  part  of  this  air 
chamber  and  passed  off  through  the  short  leg  B  of  the  siphon,  the 
pressure  of  the  air  accumulated  in  the  air  chamber  being  there- 
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fore  due  to  the  licight  of  water  maintained  in  the  shorter  leg  of 
the  siphon.  This  appHcation  of  carrying  upward  the  water,  after 
the  air  was  separated  from  it,  so  as  to  produce  a  considerable 
pressure  upon  the  air,  seems  to  have  been  original  with  Mr. 
Frizell,  and  in  this  feature  his  device  differs  from  the  old  trompe. 
Mr.  Frizell  made  two  working  models  of  this  type  of  apparatus. 
In  the  first  tlie  legs  of  the  siphon  were  3  inches  in  diameter,  the 
head  of  water  being  25  inches,  and  an  efificiency  of  26^  per  cent, 
was  obtained.  A  larger  apparatus  was  then  constructed  at  the 
Falls  of  St.  Anthony,  on  the  Mississippi  River,  a  few  miles  above 


St.  Paul.  The  longer  leg  of  the  siphon  in  this  plant  was  15  inches 
by  30  inches  and  the  short  leg  of  the  siphon  24  inches  by  48  inches 
in  section.  The  height  of  water  above  the  air  chamber  was  29 
feet.  The  head  in  feet  varied  from  0.98  to  5.2,  the  first  head  being 
just  sufificient  to  cause  a  flow  through  the  pipes  The  working 
head  varied  from  2.54  feet  to  5.02  feet  and  the  efificiency  from  40.4 
per  cent,  to  50.7  per  cent.,  the  quantity  of  water  in  these  cases 
varying  from  5.92  to  11.89  cubic  feet  per  second. 

From  his  experiments  Mr.  Frizell  estimates  that  with  a  shaft  10 
feet  in  diameter,  a  depth  of  120  feet  and  a  fall  of  15  feet  the  ef- 
ficiency would  be  76  per  cent.,  and  that  with  a  head  of  30  feet  and 
a  fall  of  230  feet  the  efficiency  would  be  81  per  cent. 
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Another  device,  Fig.  3,  differing  somewhat  from  that  of  Mr. 
Frizell,  was  invented  by  A.  Baloche  and  A.  Krahnass  in  1885,  and 
consisted  of  a  siphon  B  carrying  water  from  an  upper  to  a  lower 
reservoir,  the  lower  end  of  the  siphon  being  projected  through  an 
inverted  vessel  R  placed  nearly  at  the  bottom  of  the  second  reser- 
voir. Just  beyond  the  bend  of  the  siphon,  and  in  line  with  the 
vertical  axis  of  its  longer  leg,  an  air  pipe  T  projected  into  the 
descending  leg  of  the  siphon,  thus  entraining  the  air  with  the  de- 


FiG.  3.    A.  Baloche  and  A.  Krahnass. 


scending  column,  which  carried  it  down  into  the  inverted  chamber 
R,  from  which  the  air  escaped  at  the  top,  while  the  water  passed 
out  from  the  bottom  into  the  lower  reservoir.  This  apparatus 
produced  pressure  on  the  air  in  the  top  of  the  inverted  chamber, 
due  to  the  height  of  the  water  cohimn  upon  it. 

Another  device,  Fig.  4,  patented  by  Thomas  Arthur  in  18S8, 
differs  from  the  last  in  having  a  stream  of  water  led  directly  into 
the  top  of  the  vertical  pipe  A.  Inserted  into  the  mouth  of  this  pipe 
was  a  double  cylindrical  cone  C  forming  an  annular  air  passage 
between  it  and  the  walls  of  pipe  A. 
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Owing  to  the  increase  in  the  velocity  of  the  water  in  passing 
through  the  narrow  throat  of  the  double  cone,  air  is  inhaled  through 
the  pipe  D  through  the  annular  space  mentioned  and  through  per- 
forations in  the  lower  cone,  and  is  entrained  with  the  falling  water. 

Through  the  down-flow  pipe  A  rises  a  vertical  delivery  pipe  Z 
for  the  compressed  air,  having  its  lower  end  H  enlarged  and  open 
at  the  bottom.  Projecting  upward  into  this  enlarged  air-delivery 
pipe  was  a  water-escape  pipe  F  through  which  the  water  passed 
after  having  parted  with  the  air.     This  escape  pipe  was  in  the  form 


Arthur. 


of  an  inverted  siphon  and  maintained  on  the  air  in  the  delivery 
pipe  Z  a  pressure  due  to  the  elevation  of  the  water  at  its  discharge 
point  above  the  air  line  in  the  large  end  of  the  delivery  pipe. 

A  number  of  other  patents  on  apparatus  of  this  type  were 
issued  to  Charles  H.  Taylor,  Nos.  543,410,  543,411,  543,412,  July 
^3'  1895.  His  inventions.  Fig.  5,  consisted  principally  of  a  down- 
flow  passage  having  an  enlarged  chamber  at  the  bottom  and  an 
enlarged  tank  at  the  top.  A  series  of  small  air  pipes  projected 
into  the  mouth  of  the  water  inlet  from  the  large  chamber  at  the 
upper  end  of  the  vertically  descending  passage,  so  as  to  cause  a 
number  of  small  jets  of  air  to  be  entrained  by  the  water,  Taylor 
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Fig.  5. 
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seemingly  having  been  the  first  to  introduce  the  plan  of  dividing 
the  air  inlets  into  a  multiplicity  of  smaller  apertures  evei#^  dis- 
tributed over  the  area  of  the  water  inlet. 

Taylor  at  first  seems  to  have  attempted  to  utilize  centrifugal 
action  in  causing  the  separation  of  the  air  from  the  water  in  the 
larger  chamber  at  the  bottom  of  the  compressed  column;  but  he 
afterward  abandoned  this  scheme  and  used,  instead,  deflector 
plates  in  combination  with  a  gradually  enlarging  section  of  the 
lower  end  of  the  down-flow  column  in  order  to  decrease  the 
velocity  of  the  air  and  water  and  cause  partial  separation  to  take 
place.  The  deflector  plates  changed  the  direction  of  flow  of  the 
water.  This  was  evidently  intended  to  facilitate  the  escape  of  the 
air. 

The  latter  improvements  on  this  device  have  been  in  the  method 
of  introducing  the  air  into  the  mouth  of  the  downwardly  flowing 
water  column,  so  as  to  insure  the  largest  proportion  of  air  being 
taken  down  with  the  water,  and  in  methods  of  decreasing  the 
velocity  of  the  combined  air  and  water  at  the  bottom  of  the  descend- 
ing column,  causing  the  water  to  part  more  readily  with  the  air,  the 
water  then  passing  out  at  the  bottom  of  the  enlarged  chamber  into 
an  ascending  shaft,  maintaining  upon  the  air  a  pressure  due  to  the 
height  of  water  in  the  uptake,  the  air  being  led  off  from  the  top  of 
the  enlarged  chamber  by  means  of  a  pipe. 

The  first  of  these  compressors  on  the  Taylor  principle  was  in- 
stalled at  Magog,  Quebec,  to  furnish  power  for  the  print  works  of 
the  Dominion  Cotton  Mills  Company.  The  head  of  water  is  22 
feet;  the  down-flow  pipe  is  44  inches  in  diameter,  and  extends 
downward  through  a  vertical  shaft  10  square  feet  in  cross  section 
and  128  feet  deep.  At  the  bottom  of  the  shaft  the  compressor  pipe 
enters  a  large  tank,  17  feet  in  diameter  and  10  feet  high,  which  is 
known  as  the  air  chamber  and  separator. 

A  series  of  very  careful  tests  on  this  plant  demonstrated  that 
with  19.5  feet  head,  using  4292  cubic  feet  of  water  per  minute,  was 
recovered  the  equivalent  of  1148  cubic  feet  of  free  air  per  minute, 
which  would  represent  248  cubic  feet  of  air  per  minute  compressed 
to  53.3  pounds  pressure,  showing  that  out  of  a  gross  water  horse 
power  of  1 58. 1,  1 1 1.7  horse  power  of  efl^ective  work  in  compressing 
air  was  accomplished,  giving  therefore  an  efficiency  of  71  per  cent. 

In  the  tests  at  Magog  we  recovered  81  horse  power,  using  an 
old  Corliss  Engine  without  any  changes  in  the  valve  gear  as  a 
motor;  this  would  represent  a  total  efficiency  of  work,  recovered 
from  the  falling  water,  of  51.2  per  cent. 
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When  the  compressed  air  was  pre-heated  to  267°  F.  before 
being  used  in  the  engine,  iii  horse  power  was  recovered,  using 
115  pounds  coke  per  hour,  which  would  equal  about  23  horse 
power.  The  efficiency  of  work  recovered  from  the  falling  water 
and  the  fuel  burned  would  be,  therefore,  about  61^  per  cent.  On 
the  basis  of  Professor  Riedler's  experiments,  requiring  only  425 
cubic  feet  of  air  per  brake  horse  power  per  hour,  when  pre- 
heated to  300°  F.  and  used  in  a  hot-air  jacketed  cylinder,  the  total 
efficiency  secured  would  have  been  about  87^  per  cent. 


Fig.   6.     Magog.     Compressor  Head  and  Weir.     The  Air  Compressor  is 

Blowing  Off. 

The  second  compressor  on  the  Taylor  principle  is  located  on 
Coffee  Creek,  to  the  south  of  Ainsworth,  British  Columbia.  The 
Available  head  of  water  is  107.5  ^^^t.  The  down-f^ow  pipe  is  33 
inches  in  diameter.  The  shaft  is  32  square  feet  area  and  210  feet 
deep.  The  maximum  volume  of  water  is  4200  cubic  feet  per  minute 
and  would  represent,  at  71  per  cent,  efficiency,  587  horse  power. 
This  compressor  is  expected  to  utilize  about  5100  cubic  feet  of  free 
air  per  minute  or  734  cubic  feet  of  compressed  air  at  87  pounds 
pressure,  and  give  an  air  motor  horse  power  of  360  horse  power. 
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It  is  possible,  however,  that  this  plant  may  not  give  as  high  per- 
centages as  this,  as  the  M^ater  passages  are  of  smaller  areas  than 
those  at  Magog. 

Three  other  plants  are  now  under  construction, — one  at  Peter- 
borough, Ontario ;  one  at  Norwich,  Conn.,  and  one  in  the  Cascade 
Range,  State  of  Washington.  The  plant  at  Peterborough,  Ontario, 
for  the  Government  of  the  Dominion  of  Canada,  is  to  be  used  in 
connection  with  one  of  the  locks  on  the  Trent  Valley  Canal,  the 
chief  dimensions  being  as  follows :  Head  of  water,  14  feet ;  gage 
pressure,  25  pounds;  diameter  of  compressor  pipe,  18  inches; 
diameter  of  shaft,  42  inches ;  depth  below  tailrace,  64  feet. 

The  whole  plant  is  inclosed  in  the  masonry  wall  of  the  lock, 
the  usual  rock  chamber  in  the  bottom  of  the  shaft  being  built  in 
concrete  and  only  a  few  feet  below  the  lower  water  level  of  the  lock. 
At  Norwich,  Conn.,  at  what  is  known  as  the  Tunnel  Privilege 
on  the  Quinebaug  River,  the  plant  will  give  1365  H.  P.  of  air  at  a 
pressure  of  85  pounds  per  square  inch.  The  head  of  water  is  18^ 
feet;  diameter  of  shaft,  24  feet;  diameter  of  compressor  pipe,  13 
feet ;  depth  of  the  shaft,  208  feet. 

The  air  will  be  transmitted  a  distance  of  four  miles  with  a  loss 
in  transmission  not  exceeding  2  per  cent.,  through  16-inch  pipe, 
which  will  be  laid  with  flanged  joints  and  rubber  gaskets. 

The  plant  which  is  being  constructed  in  one  of  the  canyons  of 
the  Cascade  Range  of  mountains  in  the  State  of  Washington  will 
give  200  H.  P.  of  air  at  a  pressure  of  85  pounds  per  square  inch. 
Head  of  water,  45  feet. 

There  is  no  shaft,  as  the  apparatus  is  constructed  against  the 
vertical  walls  of  the  canyon.  The  diameter  of  the  compressor  pipe 
is  3  feet.  The  diameter  of  the  up-flow  pipe  is  4  feet  9^  inches. 
The  capacity  of  the  plant  is  based  on  2000  miners'  inches  of  water, 
equal  to  53.2  cubic  feet  per  second.  The  total  height  of  this 
apparatus  is  about  260  feet. 

Besides  what  is  now  known  as  the  Taylor  type  of  compressor, 
some  forms  of  hydraulic  ram  compressors  were  designed  by  Som- 
meiler  and  also  by  Mr.  H.  D.  Pearsall.  These  operated  in  a  nearly 
similar  manner  to  the  hydraulic  ram  and  gave  an  efficiency  of  80 
per  cent. 
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A  MOI>EKX  AMERICAN    BLAST  FT KN ACE— ITS  CON- 
STRUCTION   AND   EOL'H'MENT.- 


By  Arthur  C.  Johnston,  M.E.,  Member  of  the  Civil  Engineers'  Club  op 

Cleveland. 


[Read  before  the  Club,  November  27,  iQoo.f] 

L\  an  article  written  in  1896,  entitled  "Forty  Years  of  Progress 
in  the  I'ig  Iron  Industry,"  John  Birkinbinc  says  :  "A  retrospect  of 
four  decades  will  show  that  this  interval  covers  most  of  the 
advances  in  the  production  of  pig  iron  made  in  the  United  States, 
and  also  those  introduced  in  European  countries,  for,  although  the 
use  of  mineral  fuel,  the  application  of  heated  blast  and  the  employ- 
ment of  steam  blowing  machinery  were  not  uncommon  features  of 
smelting  plants,  the  increased  production  of  pig  iron  up  to  1855  was 
due  chiefly  to  an  augmented  number  of  blast  furnaces  and  enlarged 
dimensions  of  stacks.  But  what  was  considered  at  that  time  a 
large  furnace  would  now  rank  as  small,  while  the  quantity  of  metal 
obtained  in  a  year  from  the  greatest  producers  of  forty  years  ago 
was  equaled  by  the  monthly  output  of  a  number  of  modern  fur- 
naces in  1895." 

The  relative  proportions  of  representative  furnaces,  from  1855 
to  1900,  are  well  shown  in  Fig.  i. 

Much  has  been  written  about  the  increasing  size  and  output  of 
furnaces  generally,  but,  on  account  of  the  rapidity  of  development, 
very  little  concerning  their  actual  construction  and  the  means  em- 
ployed for  bringing  about  the  increased  production.  The  object  of 
this  paper  is  to  describe  the  mechanical  construction  of  a  modern 
furnace,  its  equipment  and  the  appliances  for  concentrating  and 
handling  the  enormous  amount  of  material  that  is  required  to  make 
600  tons  of  iron  per  twenty- four  hours  in  a  single  stack;  and  to 

*NoTE. — Owing  to  the  keen  competition  of  commercial  interests  in  the  iron 
and  steel  industry  in  this  country,  great  care  has  been  taken  to  eliminate  from 
this  paper  anything  that  would  seriously  affect  the  interests  of  the  company 
owning  the  furnaces  herein  described.  It  is  on  this  account  that  the  paper 
is  confined  to  a  description — from  the  standpoint  of  a  blast  furnace  engineer — 
of  the  mechanical  construction  of  a  complete  modern  furnace  plant,  the  object 
being  to  show  thereby  the  great  advances  that  have  been  made  in  blast  furnace 
construction  and  equipment  during  the  last  ten  years,  and  to  give  an  adequate 
idea  of  the  enormous  nossibilities  of  the  American  iron  and  steel  industry, 
which  has  at  its  command  such  producers  as  these.  The  subjects  of  ore  and 
coke  supply,  the  burdening  and  grades  of  ore  used,  the  fuel  consumption  and 
the  extent  and  cost  of  output  have  been  carefully  avoided,  otherwise  the 
paper  could  have  been  made  much  more  interesting  and  valuable. 

fManuscript  received  December  8,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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draw  some  conclusions  based  on  the  operation  of  such  a  furnace, 
taking  as  a  concrete  example  the  plant  of  the  Lorain  Steel  Company, 
at  Lorain,  Ohio.  It  is  regretted  that  it  will  not  be  possible,  within 
the  limits  of  this  paper,  to  introduce  other  furnaces  for  the  sake  of 
comparison,  but  it  is  hoped  that  the  record  of  experience  in  the 
operation  of  the  Lorain  furnaces — two  of  the  largest  in  the  world — 
will  be  of  value  in  the  design  of  perhaps  still  greater  iron  producers. 
The  plant  mentioned  was  built  in  1899,  and  consists  of  t\vo 
stacks,  each  100  feet  high  from  hearth  level  to  furnace  platform, 


22  feet  in  diameter  at  the  bosh  and  14  feet  at  the  hearth.  By  refer- 
ence to  Figs.  2,  3  and  4  it  will  be  seen  that  they  are  arranged  on 
the  American  system,  which  places  two  furnaces  in  a  group,  there 
being  four  heating  stoves  for  each  furnace  and  a  boiler  house  and 
engine  house  common  to  both.  The  plant  is  arranged  to  be  capable 
of  extension  by  adding  to  the  engine  and  boiler  houses,  making 
them  of  sufficient  capacity  for  another  similar  group  of  two  fur- 
naces. Sections  showing  the  lines  and  construction  of  the  furnaces 
themselves  are  shown  in  Figs.  5  and  6.  It  will  be  seen  that  there 
is  a  slight  difference  between  the  lines  of  furnace  No.  i  and  those 
of  No.  2. 

The  distinctive  feature  of  these  furnaces  is  the  great  depth  of 
the  hearth  jacket,  and  the  low  level  to  which  the  furnace  columns 
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are  carried  in   consequence.     The   hearth   jacket  itself  is  also  of 
novel  design.     It  consists  of  two  series  of  segmental  steel  castings, 
held  together  by  bolts  and  buckstays,  with  rust  joints  at  the  abutting 
edges  of  the   different   segments.      Between   the  jacket  and  the 
masonry  there  is  inclosed  a  complete  ring  of  individual  vertical 
pipes,  intended  to  serve  the  double  purpose  of  a  cooling  system  and 
a  means  of  relieving  the  jacket  of  excessive  bursting  strains,  due 
to  the  expansion  of  the  contained  furnace  bottom,  by  the  partial 
collapse  of  the  pipes.     The  intention  was  to  have  the  cooling  water 
for  the  jacket  discharged  into  the  annular  space  at  the  top  of  the 
same  and  to  carry  it  downward  through  the  pipes  from  which  it 
would  seek  its  level  within  the  wall  surrounding  the  jacket,  whence 
it  would  be  led  off  through  a  waste  pipe  placed  at  the  desired  level. 
In  accordance  with  modern  practice,  the  tuyeres  are  spaced  as 
closely  as  possible,  there  being  sixteen  6-inch  tuyeres  in  the  circle. 
A  special  feature  is  the  great  number  of  cooling  plates.     As  will  be 
seen  in  Fig.  7,  there  are  twelve  rings  of  bronze  coolers,  two  of 
which  are  below  the  tuyeres  and  three  additional  rings  of  cast  iron 
coolers  above  the  bronze  plates.     Fig.  8  shows  clearly  the  construc- 
tion of  the  coolers  with  their  socket  plates,  and  Fig.  9  the  details  of 
the  tuyeres.     There  are,  in  all,  277  bronze  and  48  cast  iron  coolers 
in  each  furnace.     The  stock  lines  are  protected  by  twelve  rings  of 
cast  iron  segments  built  into  the  brickwork.     The  mantels  are  built 
of  f-inch  steel  plate,  with  two  courses  of  ^-inch  plate  at  the  bottom 
and  one  at  the  top.     The  gases  generated  in  the  stacks  are  led  off 
through  two  downcomers,  each  73  inches  in  diameter  and  brick- 
lined  to  63  inches  inside  diameter.     The  general  outline  of  these 
downcomers  may  be  seen  in  the  general  plan  of  the  furnaces.  Fig.  4, 
and  it  will  be  observed  that,  owing  to  the  steep  angle  at  which  they 
are  carried  up,  it  is  practically  impossible  for  dust  to  lodge  in  them 
at  any  point,  which  is  a  very  important  consideration.     As  a  matter 
of  fact,  when  the  furnaces  w-ere  blown  out,  after  a  year's  run,  these 
pipes  were  found  to  be  as  clean  as  a  gun  barrel.     In  the  dust- 
catcher  (Fig.  10)  the  direction  of  motion  of  the  descending  gases 
is  so  suddenly  changed  upward  that  ample  opportunity  is  given  for 
the  precipitation  of  the  dust,  which  can  then  be  dropped  into  rail- 
way cars  standing  on  the  track  which  runs  through  the  tunnel 
under  the  foundations. 

The  gases  are  further  cleansed  by  being  precipitated  against 
the  surface  of  a  body  of  water  in  the  gas  washer  (Fig.  11).  From 
the  washer  the  gases  are  led  into  the  gas  main.  A  by-pass,  how- 
ever, is  arranged  whereby  the  washer  can  be  cut  out  of  the  system. 
This  is  accomplished  by  making  two  connections  direct  from  the 
[4] 
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dust-catcher  to  the  gas  main,  controlled  by  56-inch  cut-off  valves, 
which  are  fitted  with  water-cooled  seats  and  discs.  The  connec- 
tions from  the  dust-catcher  to  the  washer,  and  from  the  washer  to 
the  gas  main,  are  controlled  by  cut-off  valves  of  a  different  type 
(Fig.  12).  In  Fig.  13  are  shown  the  various  connections  between 
the  downcomer  and  the  gas  main. 

The  gas  main  is  a  steel  shell  85  inches  in  diameter  and  brick- 
lined  to  75  inches,  and  it  extends  along  the  front  of  the  eight 
stoves,  having  a  downward  connection  to  the  burner  at  each  of 
them.     Here  again  precautions  are  taken  to  precipitate  the  dust 
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carried  over  by  the  gas  ;  also  in  the  burner  itself  there  is  still  another 
dust-catching  chamber.  The  stove  burner  is  18  inches  in  diameter, 
with  a  6-inch  air  supply  pipe  (Fig.  14),  and  the  opening  for  it  in 
the  stove  is  22  inches  in  diameter. 

Furnace  gases  are  slow  in  burning,  and  for  economical  results 
a  long  combustion  chamber  of  ample  size  must  be  provided.  By 
reference  to  the  section  through  the  stoves  (Fig.  15)  it  will  be  seen 
that  the  combustion  chamber  is  carried  up  to  the  top,  and  that  the 
burnt  gases  descend  through  the  rectangular  passages  formed  by 
the  stove  bricks,  which  are  heated  thereby  until  they  reach  the 
desired  temperature.  Each  stove  has  a  heating  surface  of  34,000- 
square  feet.     The  gases  are  passed  from  the  stoves  to  the  chimney 
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through  a  50-iiich  valve  with  air-cooled  disc  and  water-cooled 
seat ;  the  air  is  brought  down  through  the  stem,  as  shown  in  Fig.  16. 
The  chimney  is  10  feet  in  diameter  and  225  feet  high,  and  brick- 
lined  to  the  top  (Fig.  17). 

In  designing  these  furnaces  it  was  figured  that  each  of  them 
would  require  from  45,000  to  50,000  cubic  feet  of  air  per  minute, 
measured  by  piston  displacement,  when  making  600  tons  of  iron 
each  in  twenty-four  hours.  To  supply  this  volume  the  engine 
house  is  equipped  with  five  horizontal  compound  blowing  engines, 
with  steam  cylinders  44  and  84  inches  in  diameter,  and  two  air  cylin- 
ders 84  inches  in  diameter,  all  having  a  common  stroke  of  66  inches. 
The  general  design  of  these  is  shown  in  Fig.  18.  The  fifth  engine 
ii^  intended  for  a  reserve,  to  be  thrown  on  either  pair  of  furnaces  in 
the  contemplated  extension.  They  are  designed  to  be  capable  of 
delivering  air  at  a  maximum  pressure  of  30  pounds  per  square  inch, 
although  the  average  blast  pressure  is  only  about  14  pounds.  Any 
engine  can  be  connected  with  either  furnace  at  any  time,  as  the  two 
cold-blast  mains  run  parallel  with  one  another  over  the  blowing 
cylinders,  and  each  main  has  a  connection  with  a  shut-ofif  valve  to 
each  cylinder. 

The  cold  blast  mains  are  48  inches  in  diameter,  and  are  rolled 
from  |-inch  plate.  Each  is  equipped  with  a  48-inch  snort  valve, 
which  in  closing  opens  a  I4|-inch  relief  valve  mounted  on  the  same 
frame,  and  thus  prevents  a  dangerous  pressure  from  accumulating 
in  the  main  when  the  blast  is  suddenly  shut  off  from  the  furnace. 
In  addition,  there  are  three  8-inch  safety  valves  on  each  pipe. 
Thirty-inch  connections  are  made  from  the  mains  to  the  stoves 
(Fig.  19),  and  the  valves  in  these  branches  have  in  their  seats  a 
smaller  valve  which  opens  first  automatically  and  relieves  the  pres- 
sure, an  arrangement  which  enables  the  main  valve  to  be  opened 
more  easily. 

The  cold  air  from  the  blast  mains  passes  into  the  stoves  and  up 
through  the  checker  bricks,  which  have  been  previously  heated  by 
the  burning  furnace  gases,  and  down  through  the  combustion  cham- 
ber— the  gas  burner  having  been  withdrawn  and  its  door  and 
chimney  valve  closed — into  the  hot-blast  main  through  a  32-inch 
hot-blast  valve  (Fig.  20).  By  referring  again  to  Fig.  19  these 
connections  will  be  readily  traced.  The  hot-blast  mains  are  69 
inches  in  diameter,  and  double  brick-lined  to  50  inches  inside 
diameter.  Before  connecting  with  the  bustle  pipes,  the  hot-blast 
mains  divide  and  join  them  with  two  connections  in  order  to  better 
equalize  the  pressure  around  the  comi)lete  circle.  From  the  bustle 
pipes  the  hot  blast  is  led  to  the  tuyeres,  and  into  the  furnace> 


52  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

through  the  tuyere  stocks.  Two  i6-inch  drop  valves  are  placed  on 
the  bustle  pipe.  These  open  automatically  when  the  blast  pressure 
is  shut  ofif,  and  air  is  admitted  instead  of  drawing  dangerous  gases 
back  through  the  tuyeres  from  the  furnace ;  these  also  close  auto- 
matically when  the  blast  is  turned  on.  Explosion  doors  are  pro- 
vided at  the  furnace  top,  and  wherever  possible  in  all  pipes  and 
chambers  carrying  gas. 

For  handling  the  stock  at  these  furnaces  an  entirely  new  sys- 
tem is  in  use.  The  stock  bins  are  placed  underground  (Fig.  21). 
There  are  five  stock  bin  cars,  with  suspended  weighing  hoppers, 
for  the  two  furnaces.  The  bins  are  725  feet  in  length,  and  the  ore, 
limestone  and  coke  are  delivered  to  the  furnace  skip  car  by  the 
weighing  cars,  which  draw  their  supply  from  the  chutes  in  the 
bottom  of  the  bins.  The  skip  then  carries  the  charges  up  the  in- 
cline and  delivers  them  at  the  furnace  top,  as  shown  in  Fig.  22. 

The  stock  bin  cars  are  driven  by  two  railway  motors,  and  the 
door  in  the  bottom  of  the  suspended  hopper  is  opened  and  closed 
by  an  air  cylinder,  the  pressure  being  supplied  by  an  electrically- 
driven  air-pump  carried  on  the  car.  The  operator  can  weigh  all 
charges  from  the  car  platform.  The  skip  has  a  capacity  of  24a 
cubic  feet,  and  is  hoisted,  by  means  of  four  i^^-inch  cables,  by  a  pair 
of  14  X  16-inch  engines  geared  6.5  to  i  to  a  72-inch  drum.  To 
complete  a  single  "charge"  the  skip  makes  four  trips, — taking  first 
two  loads  of  coke  and  then  two  loads  of  ore  and  limestone  mixed. 
Two  loads  of  coke,  or  of  limestone  and  ore,  are  kept  always  on  the 
bell  in  order  to  act  as  a  seal  and  to  keeo  it  cool.  When  making  600 
tons  of  iron  in  twenty-four  hours  the  skip  delivers  ninety  "charges,'' 
making  360  trips  to  the  furnace  top,  an  average  of  a  return  trip 
every  four  minutes.  The  skip  is  counterweighted,  so  that  the 
engine  does  work  both  in  raising  and  in  lowering  it. 

For  pumping  water  for  the  cooling  plates  there  are  two  com- 
pound, fly-wheel  Holly  pumps,  each  having  two  double-acting 
water  plungers  22  inches  in  diameter,  with  a  stroke  of  28  inches. 
These  are  capable  of  delivering  7,000,000  U.  S.  gallons  of  water 
per  twenty-four  hours  each.  As  a  reserve  there  is  also  a  duplex 
pump  with  two  double-acting  water  plungers,  14  inches  in  diameter 
and  10  inches  stroke.  All  these  pumps  deliver  water  to  a  stand 
pipe  12  feet  in  diameter  and  150  feet  high.  The  water  passes 
through  from  three  to  four  cooling  plates  before  being  discharged 
into  the  waste  troughs.  Arrangement  is  made  also  whereby  water 
from  the  boiler-feed  system  can  be  sent  through  the  cooling  plates, 
in  order  to  force  out  deposits  of  sediment  by  means  of  the  in- 
creased pressure.  Brass  ball-and-socket  unions  are  used  through- 
out the  piping  for  the  cooling  system. 
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The  boiler  house  is  equipped  with  24  vertical  water  tube 
boilers,  each  of  250  horse  power ;  so  arranged  as  to  use  either  fur- 
nace gas  or  coal  as  fuel.  A  cross-section  of  the  boiler  house  is 
shown  in  Fig.  23,  as  is  also  the  type  of  boilers  used.  These  boilers 
are  admirably  adapted  for  furnace  gas  as  fuel,  as,  on  account  ot 
their  great  height,  there  is  sufficient  time  to  effect  the  complete 
combustion  of  the  slow-burning  gases.  The  gas  main  from  the 
furnaces  is  extended  into  the  boiler  house,  and  has  a  connection  to 
the  burner  in  front  of  each  grate. 

With  the  increasing  output  from  single  furnaces,  it  was  soon 
found  to  be  praclioally  impossible  to  handle  the  pig  iron  quicklv 
enough  when  cast  in  sand  beds  in  the  ordinary  manner;  and  this 
was  the  first  cause  of  the  development  of  the  pig  casting  machine, 
which,  with  the  mixer  or  storage  tank,  is  one  of  the  most  important 
of  recent  inventions  in  connection  with  the  blast  furnace.  Fig.  24 
gives  a  general  idea  of  the  form  of  the  machine.  It  consists  of 
two  endless  chains  carrying  molds  or  chills  of  pressed  steel,  the 
details  of  which  are  shown  in  Fig.  25.  In  operation  the  machine 
is  beautifully  simple.  The  molten  iron  is  poured  from  the  ladle 
into  a  trough  terminating  in  two  spouts,  from  which  it  runs  into 
the  chills.  The  chain  then  drops  down  under  the  surface  of  the 
water  contained  in  the  tank,  and  travels  under  water  for  a  distance 
of  about  100  feet.  It  then  turns  upward,  and  as  it  ascends  the 
incline  the  pigs  are  sprayed  with  cold  water  from  a  spray  pipe ;  and 
by  the  time  they  reach  the  head  of  the  machine  they  are  sufficiently 
cooled  to  be  loaded  on  cars  which  stand  on  the  loading  track. 
They  may,  as  an  alternative,  be  delivered  by  the  machine  to  a  con- 
veyor, which  in  turn  delivers  them  to  the  stock  piles  for  use  in  the 
cupolas.  The  chains  travel  at  the  rate  of  20  feet  per  minute,  and 
the  chills  are  spaced  12  inches  center  to  center,  so  that  each  chain 
delivers  20  pigs  per  minute,  weighing  on  the  average  1 10  pounds 
each ;  and  thus  it  will  be  understood  how  very  efficient  this  machine 
is  and  what  a  great  saving  of  labor  it  represents.  Instead  of  clay 
washing  the  molds  to  prevent  the  iron  from  fusing  with  them,  they 
are  smoked  by  two  smoke  furnaces  just  before  they  pass  over  the 
tail  sprockets.  A  set  of  chills  will,  under  ordinary  circumstances, 
last  for  nine  months  or  a  year.  In  cold  weather,  however,  it  is 
necessary  to  heat  the  water  in  the  tanks,  otherwise  the  repeated 
sudden  and  violent  difference  of  temperature  soon  cracks  the  chills. 
The  ladles  are  tipped  by  an  electric  ladle-tipping  machine,  from  the 
spindle  of  which  a  connection  is  made  with  the  hand  wheel  on  the 
ladle  car.  Provision  is  made  for  casting  in  sandbeds  at  the  fur- 
naces, using  the  space  inclosed  by  the  retaining  walls  between  the 
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two  stacks  and  opposite  the  stoves ;  but  this  is  done  only  in  case  of 
accident  to  the  casting  equipment. 

Fifteen-ton  ladle  cars  (Fig.  26)  are  used  to  convey  the  molten 
iron  from  the  furnaces  to  the  pig-casting  machine.  By  referring 
again  to  the  general  plan  it  will  be  seen  that  these  stand  in  a  row  on 
the  hot-metal  track  which  runs  along  the  front  wall  inclosing  the 
furnace  foundations,  and  that  the  iron  runners  from  the  tapping 
holes  terminate  in  spouts  at  a  sufficient  elevation  to  allow  the  iron 
to  pour  into  the  ladles.  Similarly,  the  slag  runners  have  spouts 
projecting  over  the  cinder  track,  which  is  parallel  to  the  end  retain- 
ing wall.  The  cinder  ladles  (Fig.  27)  are  of  200  cubic  feet  capacity, 
and  have  removable  cast  iron  linings,  which  can  be  renewed  when 
worn  out.  The  furnaces  are  tapped  six  times  per  day  each,  draw- 
ing ofif  100  tons  of  iron  at  each  cast  when  working  at  their  full 
capacity.  The  tapping  hole  is  stopped  up  after  the  cast  by  means 
of  a  steam  tapping-hole  gun,  which  is  shown  in  Fig.  28,  as  is  also 
its  method  of  use.  It  is  suspended  from  a  small  jib  crane  attached 
to  one  of  the  furnace  columns,  and  can  be  swung  out  of  the  way 
when  not  in  use. 

When  the  iron  from  the  furnaces  is  to  be  used  direct  in  the 
steel  mill  without  remelting,  the  ladle  cars  containing  the  molten 
metal  are  taken  to  the  mixer  building,  which  contains  a  large  mixer 
or  storage  tank  which  is  capable  of  holding  300  tons  of  molten 
iron,  and  the  general  design  of  which  is  shown  in  Fig.  29.  Here 
the  ladles  are  lifted  ofif  the  cars  by  an  overhead  electric  traveling 
crane,  and  the  iron  is  poured  into  the  tank,  which  serves  the  double 
purpose  of  a  reservoir  from  which  the  steel  works  can  draw  their 
supply  and  also  of  insuring  a  very  much  more  uniform  grade  of 
iron,  since  all  casts  are  mixed  together.  The  mixer  itself  can  be 
tilted  by  hydraulic  cylinders  to  pour  the  iron  into  the  steel  works 
ladle.  The  iron  is  kept  from  chilling  by  means  of  fuel-oil  burners 
inserted  in  the  doors  placed  on  the  center  of  rotation  and  in  the 
pouring  spout. 

Furnace  No.  i  was  put  in  blast  July  5,  1899,  and  blown  out 
July  14,  1900;  furnace  No.  2  was  blown  in  August  23,  1899,  and 
put  out  of  blast  July  19,  1900.  During  these  periods  No.  i  made 
162,687  tons  of  iron,  and  No.  2  made  132,290  tons.  They  were 
seldom  worked  to  their  full  capacity.  Figs.  30  and  31  respectively 
show  the  lines  of  the  furnace  walls  obtained  by  actual  measurement 
immediately  after  cooling  off;  measurements  were  taken  at  four 
points  of  the  compass,  as  indicated  in  the  figures.  It  will  be  seen 
that  the  diameter  of  the  bosh  has  increased  considerably  for  the 
short  blast;  bronze  plates  in  place  of  the  cast  iron  coolers  would 


A  MOHERX  AMl-.RICAX  BLAST  FURNACE.  55 

probably  have  held  the  lines  better  at  this  point,  and  several  new 
furnaces  are  being  so  equipped.  The  cast  iron  rings  protecting  the 
stock  lines  were  found  to  be  badly  warped  inward ;  in  many  cases 
they  had  drawn  the  brickwork  with  them.  This  was  probably 
caused  by  the  high  temperature  at  the  furnace  top  when  blowing 
out.  However,  it  is  very  doubtful  as  to  whether  these  rings  are 
of  any  practical  value.  If  they  are  used  at  all,  they  should  be  made 
light  enough  to  prevent  their  warping  from  drawing  the  brickwork. 
There  is  a  good  deal  of  wear  on  the  stock  lines,  as  will  be  realized 
by  referring  to  Fig.  32,  which  shows  the  profiles  of  stock  as  de- 
livered by  the  bell ;  but  with  unprotected  w  alls  this  would  be  evenly 
distributed  all  the  way  round,  and  the  movements  of  the  stock  would 
probably  be  more  regular  on  account  of  having  no  projections  on 
the  walls.     The  action  of  the  bell  and  seal  were  very  satisfactory. 

The  operators'  houses  were  originally  placed  over  the  incline 
on  each  furnace  top,  which  necessitated  keeping  two  men  in  each 
house  on  account  of  danger  from  escaping  gases,  but  later  a  single 
house  was  placed  on  the  center  of  the  stove  platform,  from  which 
the  bell  apparatus  for  both  furnaces  was  operated  with  much  less 
expense  and  greater  immunity  from  danger.  The  furnace  top  is 
equipped  with  six  explosion  doors  placed  directly  under  the  plat- 
form. This  proved  to  be  a  serious  defect,  as  whenever  gas  leaking 
from  these  became  ignited  the  mantel  and  platform  were  often  badly 
warped  by  the  heat ;  and  in  one  instance  the  frame  carrying  the 
incline  was  also  badly  bent.  This  demonstrates  the  necessity  of 
carrying  the  explosion-door  frames  out  from  the  furnace  clear  of 
everything.  The  joints  of  these  doors  were  originally  made  as 
shown  in  Fig.  33,  a,  but  after  the  furnaces  were  blown  out  they 
were  changed  as  shown  in  Fig.  33,  b.  The  surfaces  in  this  case 
were  machined,  and  the  door  and  frame  brick-lined.  The  value  of 
asbestos  packing  for  doors  that  open  frequently  is  very  doubtful, 
as  it  soon  becomes  dry,  hard  and  lifeless,  which  makes  the  preven- 
tion of  leakage  impossible.  In  another  of  the  large  furnaces 
recently  built  in  this  country  the  joints  of  the  furnace-top  explosion- 
doors  were  simply  plain,  flat,  machined  surfaces. 

The  cooling  system  of  the  hearth  jacket  was  soon  rendered  in- 
effective by  the  stopping  up  of  the  pipes,  due  to  leakages  and  small 
breakouts  of  slag  from  the  bosh  walls,  wdiich  made  it  necessary  to 
spray  water  on  the  outside  of  the  jacket.  The  depth  of  the  jacket 
is  also  unnecessarily  great,  and  perhaps  the  only  advantage  of  this 
type  of  jacket  is  that  a  section  can  be  replaced  when  damaged  by  a 
breakout  or  other  cause.  The  average  amount  of  cooling  water 
used  for  both   furnaces  was  about  7,000,000  U.   S.   gallons  per 
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twenty-four  hours.  This  includes  that  used  in  the  furnace-coohng 
system,  and  in  the  seats  and  discs  of  all  water-cooled  valves.  The 
average  rise  in  temperature  of  the  water  was  10.5°  F.  From  these 
figures  we  may  arrive  at  a  very  close  approximation  of  the  amount 
of  heat  carried  away  by  the  water.  A  complete  system  of  cast  iron 
runners  for  the  hot  metal  was  originally  installed,  but  this  was 
soon  found  to  be  useless  and  was  dispensed  with  except  at  the 
spouts.  There  is  a  great  difference  of  opinion  in  regard  to  the  use 
of  cooling  plates  below  the  tuyeres  ;  many  claim  that  the  tendency  to 
chill  the  iron  is  too  great,  but  it  may  be  said  that  they  were  used 
with  very  satisfactory  results  in  these  stacks. 

It  is  remarkable  to  what  a  small  extent  furnace  designers  have 
been  guided  by  experience  in  the  construction  of  heating  stoves. 
Very  many  of  the  largest  furnace  plants  have  been  badly  crippled 
for  long  periods  of  time  in  order  to  allow  the  stoves  to  be  recon- 
structed. The  points  of  weakness  are  principally  found  in  the 
plates  forming  the  lower  courses,  and  in  the  weakness  of  the  stove 
fittings  riveted  to  the  shell.  The  plates  of  the  bottom  course  in  the 
Lorain  stoves  were  ^  inch  thick,  and  many  of  these  were  badly 
cracked  soon  after  the  furnaces  were  put  in  blast.  It  will  be  seen, 
by  referring  to  Fig.  19,  that  all  the  pipe  connections  are  made  at  the 
bottom,  and  that  cutting  away  so  much  of  the  plate  makes  it  very 
weak.  For  a  stove  of  this  size,  therefore,  a  plate  not  less  than  ^ 
inches  thick  should  be  used.  The  flanges  of  castings,  riveted  to  the 
stove  shells,  were  about  i^  inches  thick,  of  cast  iron.  Many  of 
these  were  also  broken  by  the  heat — especially  the  gas  opening 
door — which  caused  bad  and  annoying  leaks.  These  fittings  were 
replaced  by  heavy  steel  castings,  and  no  further  trouble  was  experi- 
enced. Fig.  34  shows  a  gas  opening  door  that  has  been  very  satis- 
factory. It  will  be  noticed  that  the  joint  is  of  the  spherical  type, 
and  that  the  door  itself  is  brick-lined,  which  is  the  only  sure  way  of 
preventing  it  from  warping.  The  stove  gas  burner  was  originally 
designed  22  inches  in  diameter,  with  a  lo-inch  air-supply  pipe,  and 
the  opening  in  the  stove  was  made  28  inches  in  diameter.  This 
burner  was  found  to  use  too  much  gas,  so  that  there  was  not  suffi- 
cient for  the  boilers.  It  was  modified  to  the  dimensions  shown 
with  very  satisfactory  results. 

The  hot-blast  valve  (Fig.  20)  is  much  heavier  than  the  one 
originally  used.  The  lighter  valves  were  a  great  source  of  trouble, 
and  in  replacing  them  all  the  cast  iron  rings  riveted  to  the  shells 
were  found  to  be  cracked.  All  the  castings,  except  the  bronze 
water-cooled  seats  in  the  later  valve,  were  of  steel.  On  account  of 
the  hot-blast  valve  being  opened  and  closed  so  frequently,  and  its 
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consequently  greater  liability  to  get  out  of  order,  another  shut-off 
valve  should  be  inserted  between  it  and  the  hot-blast  main ;  other- 
wise a  crippled  hot-blast  valve  cripples  the  furnace,  since  no  pres- 
sure can  he  carried  in  the  hot-blast  main.  The  longer  branch  made 
necessary  by  the  extra  valve  is  also  of  great  advantage,  in  that  more 
freedom  is  allowed  for  the  expansion  of  the  main. 

The  blast  temperature  could  be  easily  raised  to  1200  ur 
1300°  F.  with  these  stoves.  With  large  percentages  of  soft  ores  in 
the  burden,  however,  it  is  found  that  a  high-blast  temperature 
causes  a  high-blast  pressure.  A  15-inch  mixing  pipe,  connecting 
the  cold-  and  hot-blast  mains,  was  often  found  to  be  too  small  to 
reduce  the  hot-blast  temperature  by  the  desired  amount,  and  a 
larger  connection  had  to  be  made.  An  automatic  controlling 
device,  used  with  great  success  at  another  of  the  large  furnace 
plants,  was  also  contemplated.  This  consists  of  placing  in  the 
mixing  pipe  a  butterfly  valve,  which  is  electrically  controlled  from 
the  pyrometer,  to  keep  the  temperature  of  the  blast  within  certain 
limits.  The  power  necessary  to  move  the  valve  is  supplied  by  the 
blast  pressure.  At  the  plant  mentioned  it  was  found  to  be  possible 
to  keep  the  temperature  of  the  hot  blast  within  5°  above  or  below 
that  desired. 

One  of  the  greatest  sources  of  trouble  at  these  furnaces  was 
the  "whipping"  of  the  cold-blast  main  caused  by  the  pulsations  of 
the  engines.  This  is  an  annoyance  to  which  too  little  attention  has 
been  paid  at  many  furnace  plants,  especially  when  it  is  considered 
how  easily  it  can  be  avoided.  The  mistake  is  often  made  of  trying 
to  hold  the  pipe  against  these  pulsations  by  strapping  it  to  some 
solid  foundation,  but  this  can  result  only  in  loosening  the  rivets  and 
causing  leaks.  All  that  is  necessary  is  to  provide  a  receiver  of  suffi- 
cient capacity  to  break  up  the  column  of  air  and  absorb  the  pulsa- 
tions. 

The  commercial  efficiency  of  a  furnace  depends  primarily  upon 
the  cost  of  delivering  the  raw  materials  -of  ore,  limestone  and  coke 
at  the  furnace  top,  and  of  getting  rid  of  its  product  as  pig  or  molten 
iron.  This  plant  is  admirably  situated  with  respect  to  its  ore  sup- 
ply, for  the  reason  that  the  ore  is  unloaded  from  vessels*  directly  to 
the  stock  piles  without  reshipment  by  rail.  From  the  stock  piles 
it  is  loaded  by  steam  shovels  into  special  pressed  steel  hopper- 

*The  dock  machinery  for  unloading  ore  from  vessels  was  fully  described 
in  a  previous  paper  read  by  the  author  before  this  Club,  and  published  in  the 
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24,  page  I,  and  in  an  article  in  Cassier's  Magazine,  September.  1900.  Vol.  18, 
page  355- 
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bottom  cars  of  50  tons  capacity,  similar  to  the  standard  steel  railway 
cars,  but  much  shorter.  These  cars  are  then  brought  to  the  stock 
bins,  and  their  contents  are  dropped  through  the  hoppers,  ready 
for  use  in  the  furnaces.  Placing  the  stock  bins  underground  has 
the  advantage  that  no  trestle  with  heavy  grade  approaches  is  re- 
quired, but  it  is  very  doubtful  whether  the  great  cost  of  construc- 
tion and  maintenance  is  fully  warranted  on  this  account,  as  in  cold 
weather  the  ore  seems  to  freeze  in  them  as  readily  as  when  placed 
in  elevated  bins.  Limestone  and  coke  are  received  by  rail,  and  the 
coke  is  stocked  by  means  of  a  traveling  cantilever  crane  operating  a 
grab  bucket. 

The  plan  of  the  furnace  yard  is  shown  in  Fig.  35.  All  the 
tracks  are  of  standard  gauge,  and  the  sharpest  curve  is  of  461  feet 
radius.  The  hot-metal  ladle  car  has  a  rigid  wheel  base  of  7  feet  6 
inches,  and  the  461 -foot  curve  has  been  found  by  experience  to  be 
about  as  sharp  as  it  can  round.  It  is  very  important  to  have  the 
tracks  carrying  hot  metal  as  free  from  curves,  grades  and  other 
complications  as  possible,  as  a  ladle  full  of  molten  metal  off  the 
track  is  a  very  serious  matter.  It  will  be  noticed,  by  reference  to 
Fig.  26,  that  the  ladle  cars  for  hot  metal  are  equipped  with  hand- 
tilting  gear.  This  is  certainly  an  unnecessary  expense  and  compn- 
cation  for  a  modern  furnace  equipment.  Wherever  the  ladle  must 
be  tipped — namely  at  the  pig-casting  machine,  the  mixer  and  in  the 
ladle  repair  house — there  are  cranes  at  hand  to  do  this,  and  the 
hand  gear  is  a  drawback  rather  than  a  help.  Especially  is  this  so 
at  the  mixer,  where  the  ladles  are  lifted  off  the  car  and  replaced 
thereon  after  pouring.  A  much  more  satisfactory  ladle  car  would 
be  one  mounted  on  a  pair  of  swiveling  trucks,  with  simply  the 
necessary  supports  to  receive  the  ladle  trunnions  and  a  lock  to  pre- 
vent the  ladle  from  tipping  while  in  transit.  A  satisfactory  ladle  is 
one  of  the  most  necessary  adjuncts  to  a  modern  furnace  equipment. 
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ARTHUR   C.   JOHNSTON.-A   MODERN   AMERICAN    BLAST   FURNACE.  PLATE  1. 
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FIG.   2.       GENERAL  PLAN   OF   FURNACES. 


FIG.  1.    COMPARATIVE   PROPORTIONS  OF   REPRESENTATIVE   FURNACES  1855-1900. 
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FIG.   3.        FRONT    FLEVATIQN   OF    FURNACES. 


FIG.  4.       END   ELEVATION  OF   FURNACES. 
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ABTHUR   C.   JOHNSTON. -A   MODERN   AMERICAN    BLAST  FURNACE.        PLATE  2. 


FIG.  6.       LINE3  OF   FURNACE.       No.   2. 
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FIG.  8.       DETAILS  OF  COOLERS  AND  SOCKET  PLATES. 


FIG.  5.       FURNACE   No.  1. 


FIG.  9.       DETAIL  OF  TUYERES. 


FIG.  7.       SECTION-THROUGH    BOSH   WALL. 


FIG.   10.        DUST   CATCHER. 


FIG.  11.       GAS  WASHER. 


r  .0!. 


JOURNAL  OF  THE  ASSOCIATION   OF    ENGINEERING  SOCIETIES 


FIG.  12.       75     GAS  CUT-OFF  VALVE. 


FIG.  14.       STOVE   GAS   BURNER 
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FIG.  13. 
CONNECTIONS  BETWEEN    DOVI/NCOMER   AND  GAS   MAIN. 


FIG.  16.       SECTION   THROUGH  STOVE. 
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FIG.   16         bO"  CHIMNEY  VALVE 
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FIG.   19.       STOVE  COMPLETE  WITH   ALL  CONNECTIONS. 


FIG.  18.       44"X84'X84"X66"  BLOWING  ENGINES. 
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FIG.  17.       10X226'. STOVE  CHIMNEY. 


FIG.  20.       32"  HOT-BLAST  VALVE. 
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ARTHUR  C.  JOHNSTON.-A  MODERN   AMERICAN   BLAST   FURNACE.         PLATE  5. 


FIG.  21.       SECTION  THROUGH  STOCK   BINS. 


FIG.   22.        FURNACE  TOP. 
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ARTHUR  C.  JOHNSTON. -A   MODERN   AMERICAN   BLAST  FURNACE.       PLATE  6. 


FIG.  26.       15-TON    HOT-METAL   LADLE  CAR. 


FIG.  23.       SECTION   THROUGH    BOILER   HOUSE. 


FIG.   25.       CHILLS  AND  CHAINS   FOR    PIG-CASTING   MACHINE 


FIG.  27.       200  CU.   FT.   CINDER   LADLE  CAR. 


FIG.   24.        PIG-CASTING   MACHINE. 
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ARTHUR  C.   JOHNSTON.-A   MODERN    AMERICAN    BLAST    FURNACE.     PLATE  7. 


FIG.   34.       GAS-OPENING   DOOR. 


FIG.   29.       300-TON    HOT-METAL   MIXER 


FIG.  32.       STOCK   PROFILES. 
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EXPLOSION    DOOR  JOINTS. 


FIG.  30. 

LINES   OF   FURNACE    No.   1 

AFTER    BLOWING   OUT. 


FIG.   31. 
LINES  OF  FURNACE   No.   2 
AFTER    BLOWING   OUT. 


FIG.   36.       PLAN   OF  FURNACE  YARD. 
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GeorjjTc  AV.  Percy, 


By  the  sudden  and  lamentable  death  of  our  highly  esteemed 
President,  on  Friday,  December  14,  1900,  the  Technical  Society, 
and  indeed  the  entire  community,  sustained  an  irreparable  loss. 

George  Washington  Percy  was  born  at  Bath,  in  the  State  of 
Maine,  on  July  5,  1847,  his  early  youth  being  spent  amid  agricul- 
tural surroundings.  He  received  his  education  as  a  boy  at  the 
Kent's  Hill  Academy,  in  his  native  State.  It  was  during  the 
progress  of  the  Civil  War  that  he  found  employment  in  the  mer- 
cantile marine  of  this  country.  At  this  time  he  made  a  voyage  to 
Europe,  and  also  visited  other  countries. 

Endowed  with  a  natural  aptitude  for  mechanical  and  mathe- 
matical pursuits,  he  decided  about  this  time  to  study  architecture, 
with  a  view  to  adopting  it  as  his  life  profession.  How  wisely  his 
choice  was  made  is  exemplified  by  the  many  structures  which  will 
stand  for  ages  as  monuments  of  his  professional  skill  and  intelli- 
gence. 

His  technical  education  was  commenced  in  the  office  of  Mr. 
Fassett,  of  Portland,  Maine,  and  for  some  years  his  time  was  spent 
in  faithful  and  painstaking  study  in  qualifying  himself  for  practic- 
ing the  profession  of  his  choice.  Subsequently  Mr.  Percy  entered 
the  office  of  Bradley  &  Winslow,  architects,  of  Boston,  Massachu- 
setts, and  while  there  superintended  several  important  works. 

Coming  to  California  in  1869,  he  settled  in  Stockton,  returning 
to  the  East  in  September,  1871,  immediately  after  the  great  Chicago 
fire,  in  which  city  he  did  some  heavy  work  during  the  rebuilding 
operations,  after  which  we  once  again  find  him  located  in  Boston. 
Among  other  w'orks  with  which  Mr.  Percy  was  associated  in  this 
latter  city  is  the  Equitable  Life  Insurance  Building,  a  typical 
example  of  the  class  of  work  in  which  he  took  a  special  interest. 

Returning  once  more  to  California,  in  1876,  and  locating  in 
San  Francisco,  still  full  of  youth  and  energy,  he  immediately  com- 
menced to  build  up  a  successful  and  steadily  increasing  practice. 
Numerous  important  buildings  in  San  Francisco  and  throughout 
the  Pacific  coast  will  testify  for  many  generations  to  his  profes- 
sional ability  and  constructive  knowledge.  It  is  perhaps  unneces- 
sary to  do  more  than  mention  the  following  as  being  among  the 
more  important  of  Mr.  Percy's  works:  Stockton  Insane  Asylum, 
Stanford  University  library  and  assembly  hall,  girl's  dormitor}-, 
Stanford  University,  Academy  of  Sciences  Building,  Market,  near 
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Fifth  street ;  Alameda  city  hall,  Nevada  State  University,  Reno, 
Nevada ;  Episcopal  church,  Stockton ;  Alvinza  Hayward  residence, 
San  Mateo;  Leland  Stanford,  Jr.,  museum,  Palo  Alto;  Crassley 
dome  and  professors'  homes,  Mt.  Hamilton ;  Methodist  Episcopal 
church  business  building,  Alameda;  California  School  of  Mechani- 
cal Arts,  Sixteenth  and  Utah  streets ;  San  Joaquin  county  alms- 
house ;  De  Fremery  block,  Oakland ;  children's  house  and  play- 
ground and  other  buildings  in  G.  G.  Park ;  Strathmore  apartment 
house,  Larkin  street ;  First  Unitarian  church,  Geary  and  Franklin 
streets ;  Golden  Gate  Park  panorama,  Strawberry  Hill ;  City  Front 
Stables,  Clay,  near  East  street ;  John  Benson  ofifice  building,  Leides- 
dorff  and  Pine  streets ;  Hobart  Building,  Post  street ;  the  "Hobart" 
vault,  Cypress  Lawn  Cemetery;  Hoit's  School,  Menlo  Park;  the 
Bourn  tomb,  Laurel  Hill  Cemetery ;  Wells  Fargo  Building,  Mission 
and  Second  streets ;  Alexander  Young  business  block,  Honolulu ; 
Hayward  Building,  California  and  Montgomery  streets. 

In  1 88 1  Mr.  Percy  traveled  in  Europe  for  pleasure  and  to 
study  ancient  and  modern  work,  being  especially  interested  in  the 
archaeological  remains  of  Rome  of  all  ages.  Indeed,  his  continued 
study  and  interest  regarding  ancient  Rome  in  all  its  phases  was 
maintained  to  the  last,  and  probably  few  persons  were  better  in- 
formed than  he  was  concerning  the  materials  and  constructive 
methods  of  the  Romans. 

In  addition  to  filling  the  presidential  chair  of  the  Technical 
Society,  in  which  he  took  the  warmest  interest,  Mr.  Percy  was  an 
active  associate  member  of  the  American  Institute  of  Architects ; 
also  a  trustee  of  the  San  Francisco  chapter,  American  Institute  of 
Architects,  and  also  a  member  of  the  Pacific  Lodge  of  Free  and 
Accepted  Masons.  He  was  a  member  of  the  Berkeley  Literary  and 
Professional  Club ;  also  of  the  Astronomical  Society  of  the  Pacific 
Coast,  and  was  an  amateur  astronomer  of  no  small  ability.  He 
was  the  author  of  many  instructive  technical  papers,  which  he  read 
before  the  societies  in  which  he  took  so  deep  an  interest.  His 
interest  in  young  students  of  architecture  was  often  manifested, 
many  of  whom  applied  to  him  for  advice  and  assistance  in  their 
studies,  and  never  in  vain.  His  skill  and  experience  has  also  been 
frequently  sought  in  consultations  involving  questions  concerning 
architecture  and  construction.  Among  many  such  cases  may  be 
mentioned  the  fact  that  he  was  invited  to  act  as  consulting  architect 
in  connection  with  the  new  Union  Depot  and  ferry  building  of  this 
city.  Indeed,  it  may  justly  be  said  of  him  that  he  was  at  the  very 
zenith  of  a  successful  career,  and  that  he  not  only  occupied  a  high 
and  honorable  position  among  the  members  of  his  own  profession. 
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but  also  enjoyed  the  absolute  and  perfect  confidence  of  his  many 
clients. 

Among  contractors  and  business  men  with  whom  he  was 
brought  into  contact  in  the  construction  of  his  buildings  he  was 
most  highly  respected,  and  invariably  regarded  by  them  as  being 
absolutely  fair  and  just  in  his  requirements,  dispensing  equal  jus- 
tice to  contractors  and  owners  alike  without  fear  and  without  favor. 

A  widow  and  four  children — two  sons  and  two  daughters — are 
left  to  mourn  the  loss  of  a  devoted  husband  and  a  loving  father. 

Mr.  Percy  possessed  an  exceedingly  strong  personality.  His 
wide  capability,  his  sterling  integrity  and  earnestness  and,  above 
all,  his  absolute  thoroughness  were  apparent  in  everything  he 
undertook.  These  moral  qualities  and  the  knowledge  that  he  was 
in  every  sense  a  manly  man,  as  well  as  a  genial  gentleman,  will  ever 
be  associated  with  the  memory  of  our  late  fellow-member  and 
friend. 

G.  Alexander  Wright,  Committee. 
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Articles  of  Association. 


The  following  Articles  of  Association  were  adopted  at  a  meeting  held  in 
Chicago,  December  4,  1880.  At  this  meeting  there  were  present  representa- 
tives of  the 

Western  Society  of  Engineers, 
Civil  Engineers'  Club  of  Cleveland, 
Engineers'  Club  of  St.  Louis, 
and  the 

Boston  Society  of  Civil  Engineers 
was  represented  by  letter. 


For  the  purpose  of  securing  the  benefits  of  closer  union  and  the 
advancement  of  mutual  interests,  the  engineering  societies  and  clubs 
hereunto  subscribing  have  agreed  to  the  following 

ARTICLES  OF  ASSOCIATION. 

ARTICLE  I. 

NAME   AND   OBJECT. 

The  name  of  this  Association  shall  be  "The  Association  of  Engineer- 
ing Societies."  Its  primary  object  shall  be  to  secure  a  joint  publication  of 
the  papers  and  the  transactions  of  the  participating  Societies. 

ARTICLE  II. 
organization. 

Section  i.  The  affairs  of  the  Association  shall  be  conducted  by  a  Board 
of  Managers  under  such  rules  and  by-laws  as  they  may  determine,  subject  to 
the  specific  conditions  of  these  articles.  The  Board  shall  consist  of  one  repre- 
sentative from  each  Society  of  one  hundred  members  or  less,  with  one  ad- 
ditional representative  for  each  additional  one  hundred  members,  or  fraction 
thereof  over  fifty.  The  members  of  the  Board  shall  be  appointed  as  each 
Society  shall  decide,  and  shall  hold  office  until  their  successors  are  chosen. 

Sec.  2.  The  officers  of  the  Board  shall  be  a  Chairman  and  Secretary,  the 
latter  of  whom  may  or  may  not  be  himself  a  member  of  the  Board. 

ARTICLE  III. 

duties  OF  officers. 

Section  i.  The  Chairman,  in  addition  to  his  ordinary  duties,  shall 
countersign  all  bills  and  vouchers  before  payment  and  present  an  annual  re- 
port of  the  transactions  of  the  Board ;  which  report,  together  with  a  synopsis 
of  the  other  general  transactions  of  the  Board  of  interest  to  members,  shall  be 
published  in  the  Journal  of  the  Association. 

Sec.  2.  The  Secretary  shall  be  the  active  business  agent  of  the  Board 
and  shall  be  appointed  and  removed  at  its  pleasure.     He  shall  receive  a  com- 
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pensation  for  his  services  to  be  fixed  from  lime  to  time  by  a  two-thirds  vote. 
He  shall  receive  and  take  care  of  all  manuscript  copy  and  prepare  it  for  the 
press,  and  attend  to  the  forwarding  of  proof  sheets  and  the  proper  printing 
and  mailing  of  the  publications.  He  shall  have  power,  with  the  approval  of 
any  one  member  of  the  Board,  to  return  manuscript  to  the  author  for  correc- 
tion if  in  bad  condition,  illegible  or  otherwise  conspicuously  deficient  or  unfit 
for  publication.  He  shall  certify  to  the  correctness  of  all  bills  before  trans- 
mitting them  to  the  Chairman  for  counter-signature  He  shall  receive  all 
fees  and  moneys  paid  to  the  Association  and  hold  the  same  under  such  rules 
as  the  Board  shall  prescribe. 

ARTICLE  IV. 

PUBLICVTIONS. 

Section  i.  Each  Society  shall  decide  for  itself  what  papers  and  transac- 
tions of  its  own  it  desires  to  have  published  and  shall  forward  the  same  to 
the  Secretary. 

Sec.  2.  Each  Society  shall  notify  the  Secretary  of  the  minimum  number 
of  copies  of  the  joint  publications  which  it  desires  to  receive,  and  shall  fur- 
nish a  mailing-list  for  the  same  from  time  to  time.  Copies  ordered  by  any 
Society  may  be  used  as  it  shall  see  fit.  Payments  by  each  Society  shall  in 
general  be  in  proportion  to  the  number  of  copies  ordered,  subject  to  such 
modification  of  the  same  as  the  Board  of  Managers  may  decide,  by  a  two- 
thirds  vote,  to  be  more  equitable.  Assessments  shall  be  quarterly  in  advance, 
or  otherwise,  as  directed  by  the  Board. 

Sec.  3.  The  publications  of  the  Association  shall  be  open  to  public  sub- 
scription and  sale,  and  advertisements  of  an  appropriate  character  shall  be 
received,  under  regulations  to  be  fixed  by  the  Board. 

Sec.  4.  The  Board  shall  have  authority  to  print  with  the  joint  publica- 
tions such  abstracts  and  translations  from  scientific  and  professional  journals 
and  society  transactions  as  may  be  deemed  of  general  interest  and  value. 

ARTICLE  V. 

CONDITIONS   OF   PARTICIPATION. 

Section  i.  Any  Society  of  Engineers  may  become  a  member  of  this 
Association  by  a  majority  vote  of  the  Board  of  Managers,  upon  payment  to 
the  Secretary  of  an  entrance  fee  of  fifty  cents  for  each  active  member,  and 
certifying  that  these  Articles  of  Association  have  been  duly  accepted  by  it. 
Other  technical  organizations  may  be  admitted  by  a  two-thirds  vote  of  the 
Board,  and  payment  and  subscription  as  above. 

Sec.  2.  Any  Society  may  withdraw  from  this  Association  at  the  end  of 
any  fiscal  year  by  giving  three  months'  notice  of  such  intention,  and  shall 
then  be  entitled  to  its  fair  proportion  of  any  surplus  in  the  treasury,  or  be 
responsible  for  its  fair  proportion  of  any  deficit. 

Sec.  3.  Any  Society  may,  at  the  pleasure  of  the  Board,  be  excluded  from 
this  Association  for  non-payment  of  dues  after  thirty  days'  notice  from  the 
Secretary  that  such  payment  is  due. 

ARTICLE  VI. 

amendments. 
These  articles  may  be  amended  by  a  majority  vote  of  the  Board  of 
Managers,  and  subsequent  approval  by  two-thirds  of  the  participating  So- 
cieties. 
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ARTICLE  VII. 

TIME   OF   GOING   INTO   EFFECT. 

These  articles  shall  go  into  effect  whenever  they  shall  shall  have  beer» 
ratified  by  three  Societies,  and  members  of  the  Board  of  Managers  appointed. 
The  Board  shall  then  proceed  to  organize,  and  the  entrance  fee  of  fifty  cents 
per  member  shall  then  become  payable. 

These  articles  were  adopted  by  the  several  Societies  upon  the  following 
dates : 

Engineers'  Club  of  St.  Louis,  January  s,  1881. 
Civil  Engineers'  Club  of  Cleveland,  January  8,  1881. 
Boston  Society  of  Civil  Engineers,  January  19,  1881. 
Western  Society  of  Engineers,  April  S,  1881.    , 
The  Board  of  Managers  was  organized  at  Cleveland,  January  11,  1881. 
The  following  Societies  have  since  certified  their  acceptance  of  the  arti- 
cles, and  have  become  members  of  the  Association  of  Engineering  Societies : 
Engineers'  Club  of  Minneapolis,  July,  1884. 
Civil  Engineers'  Society  of  St.  Paul,  December,  1884. 
Engineers'  Club  of  Kansas  City,  January,  1887. 
Montana  Society  of  Civil  Engineers,  April,  1888. 
Wisconsin  Polytechnic  Society,  June,  1892. 
Denver  Society  of  Civil  Engineers,  January  24,  1895. 
Association  of  Engineers  of  Virginia,  February  i,  1895. 
Technical  Society  of  the  Pacific  Coast,  March  i,  1895. 
Detroit  Engineering  Society,  January,  1897. 
Engineers'  Society  of  Western  New  York,  January,  1898. 
Louisiana  Engineering  Society,  September  15,  1898. 
Engineers'  Club  of  Cincinnati,  January,  1899. 
The  Wisconsin  Polytechnic  Society  withdrew  from  the  Association  in 
March,  1894. 

The  Western  Society  of  Engineers  withdrew  in  December,  1895. 
The  Engineers'  Club  of  Kansas  City  disbanded  at  the  close  of  1896. 
The  Denver  Society  of  Civil  Engineers  and  the  Association  of  Engineers 
of  Virginia  disbanded  in  1898. 
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Annual  Report  of  the  Chairman  of  the  Board  of  Managers. 


December  31,  1900. 
To  the  Members  of  the  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies: 

Gentlemen:— I  have  the  honor  to  transmit  to  you  and  to  the  Asso- 
ciation through  you,  the  annual  report  of  the  Secretary  of  the  Association  for 
the  year  1900.  This  shows  an  increase  in  membership  during  the  year  from 
1475  in  1899  to  1541,  while  the  number  of  the  societies  has  not  changed. 

There  has  been  a  slight  increase  in  the  cost  of  the  Journal,  as  shown 
by  the  Secretary's  report,  causing  a  diminution  in  the  net  assets  from 
those  of  1899.  The  character  of  the  Journal  is  such  that  there  should  be 
no  difficulty  in  making  it  self-sustaining,  and  the  attention  of  the  mem- 
bers of  the  Association  is  called  to  the  fact  that  our  Journal  has  a  cir- 
culation of  about  1900  copies,  and  the  advantages  of  advertising  in  such 
a  journal  will  be  evident  to  all. 

In  the  report  of  the  Chairman  for  1899  he  stated  that  no  Engineer 
could  afford  to  be  without  the  Journal.  I  desire  to  repeat  that  statement, 
and  ask  the  members  of  the  Association  to  keep  this  Journal  before  their 
friends,  with  a  view  to  inducing  them  to  subscribe  to  it. 

I  also  desire  to  call  your  attention  to  the  able  and  efficient  work  of 
the  Secretary,  who  does  all  the  business  of  the  Association,  and  gives  a 
great  amount  of  time  and  care  to  the  work.  It  is  desirable  that  the  mem- 
bers of  the  Association  should  make  every  effort  to  secure  advertisements 
for  the  Journal  among  the  members  of  the  societies  which  they  represent. 

Respectfully  submitted, 

James  Ritchie,  Chairman. 


Annual  lleport  of  the  Secretary  of  the  Board  of  Managers. 


Philadelphia,  December  31.  1900. 
jl/r.  /ai/ies  Ritchie,  Chairman, 

305  City  Hall,  Cleveland,  O. 

Dear  Sir: — I  have  the  honor  to  present  the  following  report  upon  the 
operations  of  the  Secretary's  office  during  the  year  1900,  and  of  the  condition 
of  the  Association  at  the  present  time. 

These  data  are  concisely  stated  in  the  following  statistical  appendices: 

A.  Statement  of  receipts  and  expenditures  during  1900. 

B.  Estimate  of  assets  and  liabilities  at  the  close  of  1900. 

C.  Detailed  statement  of  cost  of  Journal  during  1900,  by  months. 

D.  Comparison  of  mailing  lists  of  the  Journal  at  the  close  of  1899  and 
of  1900,  respectively. 

E.  Statement  ot  material  in  Jocrnai.  during  1900.  by  pages. 


66  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

F.     Comparison  of  conditions,  1894  to  1900,  inclusive. 

A  study  of  Appendix  F  shows  an  increase  in  the  cost  of  the  Journal, 
with  a  corresponding  diminution  of  net  assets,  due  partly  to  a  sharp  advance 
in  the  printers"  rates  and  partly  to  an  increase  of  18  per  cent,  in  the  amount 
of  matter  published.  The  close  of  the  year,  nevertheless,  finds  us  with  a  cash 
balance  in  hand  of  $1448.24,  and  total  net  assets  of  $2165.67. 

During  the  year,  no  new  societies  have  joined  the  Association,  but  the 
aggregate  membership  of  our  societies  shows  an  increase  of  about  4>^  per 
cent.  The  present  aggregate  of  1541  members  is  greater  than  at  any  time 
during  the  history  of  the  Association,  exceeding,  as  it  does,  by  about  4,!'2  per 
cent.,  the  aggregate  membership  at  the  close  of  1895,  before  the  withdrawal 
of  the  Western  Society  of  Engineers. 

In  my  report  for  1899  I  was  obliged  to  call  attention  to  "  a  decided  falling 
ofi  in  the  amount  of  material  presented  for  publication  in  the  Journal," 
the  number  of  pages  per  thousand  members  having  fallen  to  369,  the  lowest 
reached  during  the  preceding  six  years. 

This  condition  has  been,  to  a  great  extent,  remedied  during  1900;  the 
number  of  pages  of  papers  having  increased  from  958  in  1899,  to  1130  in  1900, 
and  the  total  per  thousand  members  having  increased  to  432. 

The  close  of  the  year  finds  us  with  considerable  materia!  on  hand  await- 
ing the  January  Journal. 

In  my  last  annual  report  I  called  attention  to  the  commendable  activity 
of  the  Cleveland  Society  in  obtaining  advertisements  for  the  Journal,  that 
society  having,  by  means  of  the  commission  of  90  per  cent,  allowed  by  the 
Association,  relieved  itself  entirely  of  charges  on  account  of  the  Association 
Journal. 

At  this  writing  the  Engineers'  Club  of  St.  Louis  is  taking  measures  to 
follow  the  example  of  the  Cleveland  Society. 

The  List  of  Members  of  the  Societies  in  the  Association,  first  pub- 
lished in  the  Journal  for  January  1899,  and  again  in  that  for  January  1900, 
now  appears  for  the  third  time,  and  with  further  improvements  in  the  matter 

of  its  typography. 

Respectfully  submitted, 

John  C.  Trautwine,  Jr.,  Secretary. 
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A1MM-:.\I)I.\   A. 

Statkmknt  ov   Kk(  kii'ts  AM)    l'",\i'i:\r)iTUUKS  nrRiN(,  igoo. 

CASH,  i()00. 

/)r. 

To  Balance,  Jaiuiary  1,  igoo $1,866  34 

"    Assessments,  at  $2.00  per  member  : 

Boston  Society  of  Civil  Engineers $992  00 

Civil  Engineers'  Club  of  Cleveland 387  50 

Engineers'  Club  of  St.   Louis 407  00 

Civil  Engineers'  Club  of  St.  Paul 58  00 

Engineers'  Club  of  Minneapolis. 28  50 

Montana  Society  of  Engineers 168  00 

Detroit  Engineering  Society 171  00 

Engineers' Society  of  Western  NeuA'ork,     83  00 

Louisiana  Engineering  Society 120  00 

Engineers'  Club  of  Cincinnati 179  00 

Technical  Society  of  the  Pacific  Coast 288  so 

^-  2.882  50 

To  Subscriptions  

"    Sales  of  Journal 

"       "       ■■  Descriptive  Lidex 

"    Advertisements. 

"    Sales  of  reprints 

"    Interest  on  deposits 

"    Electros 

"    Letter-heads  

"    Copyright  fee 

"    Illustrations  furnished  to  authors,  etc 

"    792  misdirected  envelopes  sold 


768 

94 

181 

92 

26 

50 

370 

83 

104 

25 

16 

44 

-'5 

25 

6 

25 

I 

00 

65 

17 

15 

84 

Cr. 

By  Patterson  &  White  Co.  (Printers) $3,523  15 

Illustrations 558  10 

Secretary's  salary 600  00 

Car  fares 

Discounts  on  subscriptions 

"   sales 

Messenger  service 

Stationery 

Telegrams 

Postage  stamps 

Express  charges 

Back  numbers  bought 

Binding  Jour.xal.s  for  Paris  Exposition 

Civil    P2ngineers'    Club   of   Cleveland.     .Amount  due 

from    advertisement 

Prof.  Geo.  D.  Shepardson,  expenses  as  chairman 

Engineers'  Club  of  St.   Louis,  credit  balance  at  end 

of  1899 9  50 


$6,331  23 


30 

2885 

2 

20 

4 

42 

17 

40 

9 

46 

34 

.^2 

2 

55 

50 

8 

50 

16 

20 

^ 

00 

Forward $4,820  45     $6,331  23 
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Forward $4,820  45    ^.331  23 

By  Secretarjf's  trip  to  Boston,  Feb.  6 , 

trip  to  New  York,  March  9 

'    Copyright  fee  

Subscriptions  refunded 

'    Amount  overpaid  on  subscription,  refunded. 

Advertising,  inchiding  cost  of  cuts  ($24.80). 

4.882  99 


21 

10 

4 

00 

I 

00 

5 

50 

2 

00 

28 

94 

"    Cash  balance,  December  31,  1900 $1,448  24 


APPENDIX  B. 

Estimate  of  As.sets  and    Liabilities  at  the  Close  of  1900. 

available  assets. 

Cash  balance,  December  31,  1900 $1,448  24 

Less  subscriptions  for  1901,  paid  during  1900 53  00 

$1,395  24 

Amounts  receivable  from  Societies  (for  assessments,  etc.): 

Boston  Society  of  Civil  Engineers $38  20 

Montana  Society  of  Engineers 130  00 

Detroit  Engineering  Society 47  50 

Engineers' Society  of  Western  New  York,     3455 

^250  2-, 

Subscriptions  due: 

For  1900 90  00 

"    1899 100  80 

"    1898  and  earlier 19200 

382  80 

For  reprints 109  60 

"    Advertisements 306  33 

"    Sales  of  Journals 2250 

"       "      "    Index." 7  25 

"    Cuts 275 

$1,081  48 

$2,476  72 

LIABILITIES. 

Patterson  &  White  Co.  (Printers): 

For  December  Journal $168  50 

"     Reprints 700 

$175  50 

Civil  Engineers'  Club  of  Cleveland,  commissions 

on  advertisements $108  90 

Engineers'  Society  of  Western  New  York 70 

Illustrations 25  95 

311  05 

Net  Assets. $2,165  67 
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APPENDIX  D. 

Comparison  of  the  mailing  lists  of  the  Journal,  at  the  close  of  1899  and 
of  1900,  respectively: 

In-      De- 
1899.      1900.     crease.   crease. 

Boston  Society  of  Civil  Engineers 495  501  6 

Engineers'  Club  of  Cleveland 185  208  23 

Engineers'  Club  of  St.  Louis 206  204  ...               2 

Civil  Engineers'  Society  of  St.  Paul  29  29 

Engineers'  Club  of  Minneapolis..  \g  13  •••              6 

Montana  Society  of  Engineers 107  109  2 

Technical  Society  of  the  Pacific  Coast 146  136  ...             10 

Detroit  Engineering  Society 97  105  8 

Engineers'  Society  of  Western  New  York.  4.3  72  29 

Louisiana  Engineering  Society. 53  74  21 

Engineers'  Club  of  Cincinnati 95  90  ...              5 

In  the  societies  composing  the  Association,  1475  1541  89  2;^ 

Net  increase 66 

Extra  copies  to  Societies 46  50  4 

Advertisers 18  14  ...               4 

Exchanges 115  116  i 

Subscribers 249  216  ...            33 

Complimentary  copies  i  6  5             ... 

Totals 1904  1943  99  60 

Net  increase 34 

Besides  this,  many  copies  have  been  sold  and  specimen  copies  sent  out; 
and  authors  of  papers  have  each  received  five  copies  of  the  Journals  contain- 
ing them.  Two  thousand  five  hundred  copies  of  the  January  number  were 
printed,  2100  of  February,  March  and  April,  and  2250  of  each  of  the  other 
months. 


APPENDIX    E. 
Statement  of  material  in  Journal  during  1900,  by  pages. 


Papers. 


January 

February 78 

March 54 

April I  3S 

May t>2 

June  I  46 

July 66 

August 42 

September  52 

October  56 

November 58 

December 32 


Pro- 
ceed- 
ings. 


Chair- 
man's 
Report. 


24 


Adver- 
tise- 
ments. 


Indexes 
to  Vols. 


List  of 
Mem- 
bers. 


82 


Totals. 


210 
104 
84 
80 
86 
76 
90 
60 
74 
74 
80 
64 


1082 


Totals 666  107  24  187  16 

Covers 48 

Total 1130 


Cuts, 


Plates 
and  full- 
page 
cuts. 
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Editors   reprinting  articles  from   this  journal   are  requested   to  credit  not  only  the 
Journal,  but  also  the  Society   before  which  such  articles  were  read. 


As 


SOCIATION 


OF 


Engineering  Societies. 


Orjrtanlzed    IHSl. 


Vol    XX\'I.  FEBRUARY,   1901.  No.  2. 


Tljis  Association  is  not  responsible  for  the  subject-matter  contributed  by  any  Society  or  for 
the  statements  or  opinions  of  members  of  the  Societies. 


BRICK   AXl)   CONCKKTK-METAL  CONSTRUCTION. 


Papers   Presented  at  the  AIeettxg  of  the   Boston   Society  of  Civil 
Engineers,  held  October  17,   1900. 


,J]tMHioni,v  aud  Streug-th  of  Brick  iiiid  Concrete  Arches  for 
Floor  Systems  of  Highway  Bri<lges.* 


.  By  William  D.   Bullock,   Member  Boston   Society  of  Civil  Engineers. 

The  Weybosset  bridge  in  the  city  of  Providence  spans  the 
Providence  River  at  Market  scjuare.  There  are  three  piers 
dividing  into  four  spans  the  river  channel,  which  is  132^  feet 
wide.  The  channel  at  the  bridge  being  on  a  curve  the  steel  plate 
girders,  which  are  42^-  inches  deep,  are  placed  on  radial  lines. 
Fig.   I. 

Extending  from  girder  to  girder,  and  riveted  to  them,  are 
transverse  floor  beams  2  feet  deep  and  spaced  8^  feet  apart. 
Supported  on  these  floor  beams  are  lo-inch  I  beams,  spaced  about 
2  feet  5  inches  apart  in  radial  lines,  between  the  main  girders. 

The  spaces  between  the  I  beams  and  the  main  girders  are 
covered  by  brick  arches,  leveled  up  with  Portland  cement  con- 
crete to  within  2  inches  of  grade. 

The  area  of  the  bridge  is  31.610  square  feet. 

Located  as  this  bridge  is,  in  the  center  of  the  city  and  furnish- 
ing the  main  passageway  between  the  east  and  west  sides,  it  is 
subjected  to  very  heavy  and  concentrated  travel,  including  both 
highway  and  trolley  car  travel.  Under  these  circumstances  the 
question  of  designing  a  substantial  floor  at  a  reasonable  cost 
became  one  of  great  importance. 

^Manuscript  received  November  6.  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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The  ordinary  forms  of  flooring  of  steel  shapes,  at  the  price 
of  2.34  cents  per  pound  paid  for  this  bridge,  would  cost  about  72 
cents  per  square  foot,  and  the  concrete  for  leveling  up  ready  to 
receive  the  asphalt  paving  would  cost  15  cents  per  square  foot, 
making  a  total  cost  of  87  cents  per  square  foot  for  this  form  of 
construction  at  the  former  low  price  of  steel.  At  the  prevailing 
prices  of  steel  during  the  past  year,  of  say  5  cents  per  pound, 
the  cost  would  be  about  $1.68  per  square  foot. 

The  cost  of  the  steel  lo-inch  I  beams  and  dam  plates  was 
26  cents  per  square  foot  of  floor,  and  the  cost  of  the  brick  arches 
and  concrete  for  leveling  up  to  grade  was  26  cents  per  square 
foot,  making  a  total  cost,  for  the  masonry  floor,  of  52  cents  per 
square  foot.  This  shows  a  difference  of  35  cents  per  square 
foot  in  favor  of  the  masonry  floor  as  compared  with  the  low  con- 
tract prices.  In  addition  to  the  saving  in  the  first  cost  of  the 
masonry  arch  floor,  there  is  an  additional  saving  in  the  reduced 
surface  of  metal  to  be  painted. 


Fig.  3.     Test  of  Arches  Proposed  for  Driveway  Floor  of  the  Weybosset 

Bridge. 


The  weight  of  the  steel  floor  of  Carnegie  shapes  leveled  up 
with  concrete  would  be  about  112  pounds  per  square  foot  and  that 
of  the  masonry  floor  118  pounds  per  square  foot. 

After  the  plans  were  decided  upon  and  the  actual  work  of 
construction  begun,  it  was  decided  to  make  the  concrete  2f  inches 
thicker,  in  order  to  enable  the  trolley  company  to  use  deeper 
rails  than  originally  intended.  This  increased  the  weight  39I 
pounds  and  the  cost  7  cents  per  square  foot.  Fig.  2  shows  the 
section  of  the  floor  as  actually  constructed. 

The  question  is  thus  narrowed  down  to  whether  or  not  a 
thin  floor  of  masonry  arches  between  steel  I  beams  will  have 
sul^cient  strength  to  meet  the  trying  conditions  of  a  city  high- 
way bridge.  In  addition  to  various  calculations  made  to  deter- 
mine this  question,  it  was  thought  desirable  to  make  some  prac- 
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tical  tests  on  arches  of  the  same  dimensions  and  exactly  of  the 
same  constrviction  as  those  proposed  to  be  used.  In  the  city 
bridge  shop  6  brick  arches  were  built  between  lo-inch  I  beams, 
leveled  up  with  concrete,  and  the  I  beams  tied  together  with  iron 
clamp  bars.  In  the  absence  of  any  testing  machine  a  contrivance 
was  improvised  from  materials  on  han,d  for  making  the  tests, 
substantially  as  shown  by  Fig.  3.  The  arches  were  made  of  par- 
tiallv  vitrified  paving  brick  made  by  the  New  England  Brick 
Company  and  laid  in  Atlas  Portland  cement  mortar,  i  to  i. 
The  concrete  was  made  of  Atlas  and  Alpha  Portland  cement  i 
part,  sand  2  parts  and  screened  medium  gravel  4  parts.  The 
Atlas  cement,  tested  neat  in  briquettes  at  the  end  of  24  hours, 
showed  a  tensile  strength  of  426  pounds  per  square  inch  and  the 
Alpha  365  pounds  per  square  inch. 

The  voids  in  sand  were  30.3  per  cent,  of  volume. 

The  voids  in  gravel  were  35.9  per  cent,  of  volume. 

The  weight  of  the  brick  arches  per  cubic  foot  was  150.3 
pounds  and  the  concrete  158.1  pounds. 

The  foregoing  table  shows  the  results  of  the  tests.  The  bear- 
ing shoe  was  of  the  same  width  and  curvature  as  some  of  the 
heavy  low  gears  in  use  in  this  city.  The  yielding  of  the  heavy 
4  X  f-inch  clamp  bars  in  the  first  and  sixth  experiments  showed 
that  there  was  a  large  horizontal  thrust  from  the  arches. 
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A  Test  of  the  Streiijftli  <>!'  Itapp  IMoor  Arelies.* 


Bv  Frkdkkic  H.  Fav,  Memuer  Boston  Society  of  Civil  Engineers. 


I'UdM  tiiut,'  Iti  tiiiu-  tlir  l'".n<;iiK'(.Tinj4'  D-'iJartiiKMil  of  ihc  City  of 
Doston  lias  been  askeil  i)y  the  lUiildins;'  Conunissioner  to  make  tests 
upon  (lilYerent  types  of  fireproof  tloors.  These  tests,  however,  had 
nothini;-  to  do  with  fireproof  (|iKih'ties,  they  having  been  made  solely 
to  satisfy  the  Commissioner  that  the  floors  in  question  were  capaljle 
of  sustaining-  tlie  load  retpured  by  the  eity  building  laws.  Hence 
we  might  call  them  tests  of  the  "working  strength."  One  of  these, 
a  test  of  some  floor  arches  of  the  Rapp  type  of  construction,  is 
described  herewith.  Considering  the  fact  that  the  test  was  made 
upon  one  of  the  floors  of  a  building  (which  at  the  time  was  in 
process  of  construction),  and  that  the  arches  had  been  built  before 
the  test  was  proposed,  it  is  thought  that  the  conditions  found  were 
those  likely  to  be  met  in  practice. 

Details  of  this  Rapp  floor  are  shown  in  the  accompanying 
figures. 

Two  adjoining  arches  near  the  center  of  the  building  were 
selected  for  the  test,  the  span  of  each  arch  being,  approximately, 
7  feet  lO^  inches,  and  the  width  i6  feet  5  inches,  the  distances  being 
measured  between  the  centers  of  the  supporting  beams.  The  total 
area  oi  the  two  is  about  258  square  feet. 

The  test  consisted  in  loading  the  arches  with  a  live  load  of 
about  500  pounds  per  square  foot,  the  behavior  of  the  arches  during 
the  test  being  studied  Ijy  noting  their  deflection  and  spread. 

CONSTRUCTION    OF    THE    FLOOR. 

Between  columns  11  and  12  and  columns  16  and  17  are  two 
18-inch  I-beam  headers.  At  right  angles  to  the  latter  are  three 
15-inch  I  beams,  the  middle  one  being  framed  into  the  18-inch 
beams  and  the  other  two  connecting  directly  to  the  columns. 

Curved  Rapp  tees  are  supported  by  the  bottom  flanges  of  the 
15-inch  beams.  These  tees  consist  of  pieces  of  sheet  steel  4^ 
inches  wide  and  1-16  inch  thick,  bent  so  as  to  form  a  "T"  section 
with  about  2|-inch  flange  and  U-inch  stem.  Separators,  made  by 
bending  a  strip  of  steel  i^s  inches  wide  by  1-16  inch  thick,  regulate 
the  s])acing  of  the  tees  at  about  8'|  inches  on  centers. 

The  Rapp  tees  being  placed  with  their  stems  upward,  the 
flanges  are  available  for  supporting  rows  of  bricks  which  form  an 

♦Manuscript  received  November  6,  1900.— Secretary,  Ass'n  of  Eng.  Socs. 
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arch  of  nearly  9  inches  rise  above  the  bottom  of  the  beams.  The 
bricks  were  laid  dry,  and  after  they  were  in  place  cement  grouting 
was  supposed  to  have  been  poured  over  the  arch  and  into  the  joints 
between  the  bricks.  Many  of  the  joints,  however,  apparently  con- 
tained but  little  mortar. 

A  filling  of  cinder  concrete,  said  to  be  made  of  one  part  Atlas 
cement  and  eight  parts  cinders,  was  then  deposited  upon  the  arches 
to  the  level  of  the  tops  of  the  15-inch  beams.  Thus  there  was  about 
4  inches  of  concrete  above  the  brick  arch  at  the  crown,  the  depth 
increasing  to  a  maximum  of  12  inches  of  concrete  at  the  springing. 
Neither  the  upper  layer  of  concrete,  inclosing  the  nailing  strips, 
nor  the  wooden  floor  had  been  put  in  place  at  the  time  the  test  was 
made. 

The  15-inch  I  beams  were  said  to  be  connected  by  tie  rods, 
which  had  been  bent  upward  two  inches  or  more  out  of  line  in 
order  that  they  might  not  be  exposed  in  the  ceiling  at  the  crown 
of  the  arch. 


Sej}arator 


Rapp  Tee 


DrtniJs  of  Arch 

Details  of  Rapp  Floor  in  Building  on  India  Street. 


DETAILS    OF    THE   TEST. 

The  test  was  begun  Wednesday,  November  9,  and  ended 
Saturday,  November  12.  When  the  arches  received  their  full  load 
the  concrete  filling  had  been  in  place  fifteen  days.  The  loading 
was  made  by  using  bricks  carefully  piled  in  such  a  manner  as  to 
avoid  breaking  joints,  thus  allowing  their  weight  to  be  uniformly 
distributed.  A  representative  of  the  building  department  super- 
vised the  loading,  and  by  weighing  and  measuring  several  lots  of 
bricks  secured  the  data  from  which  the  total  weight  of  bricks  was 
estimated  from  their  volume.  The  maximum  load  applied  was, 
very  closely,  500  pounds  per  square  foot. 

The  deflection  of  the  floor  was  obtained  by  taking  levels  upon 
the  under  side  of  the  beams  and  arches  of  the  two  bavs  tested,  and 
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also  upon  two  of  the  adjoiiiingf  arches.  The  spread  of  the  arches 
was  tleteniiined  hy  measurements  with  a  steel  tape  and  an  engi- 
neer's scale. 

The  first  series  of  levels  and  measurements  was  made  between 
lo  and  2  o'clock  of  Wednesday,  November  9,  before  any  live  load 
was  a])iilir(l  i^  ilir  tlodi".  I'rom  2  o'clock  of  \Vednesda\-  until  noon 
of    Thursday    workmen    were   engao^ed    in    jnittins^  on    the   bricks. 


Partial  Plax  of  Second  Floor,  Showing  Tested  Bays. 


Friday  morning,  after  the  arches  had  been  carrying  their  full  live 
load  for  nearly  twent\-four  hours,  the  second  series  of  readings 
was  taken.  Friday  afternoon  the  load  was  entirely  removed. 
After  a  i)eriod  of  rest  of  about  sixteen  hours  the  bays  were  again 
measured  on  Saturday  morning",  to  determine  to  what  extent  the 
floor  had  recovered  from  the  effects  of  the  load. 

Table  I  shows  the  deflections  of  the  two  arches  tested.  The 
deflections  there  given  are  net ;  that  is.  the  total  drops  of  the  arches 
have  been  corrected  to  allow  for  the  settlement  of  the  supporting 
beams,  so  that  the  net  results  given  are  the  same  as  though  there  had 
been  no  vertical  movement  of  the  arch  supports. 
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TABLE  I. 
Showing  Deflection  of  Arches. 


Point. 
[On  Under  Side 

Df  Arch]. 

Deflection 

Under  Live  Load  of 

500  Lbs.  per 

Sq.  Ft. 

Upward  Movement 

Upon  Removal  of 

Load. 

Deflection 

Still  Remaining 

after  Removal 

of  Load. 

k 

0.21  inch 

0.  II  inch 

o.IO  inch 

1 

0.26 

0  14     " 

0.12     " 

m 

0.24 

0.16     " 

0.08     " 

n 

0.18 

013     •' 

0.05     " 

o 

0.30 

0  19     " 

O.II       " 

P 

0.22 

0  16     " 

0.06     " 

Average  for  Arch  kllll 

0.24 

" 

0.14     " 

o.IO      " 

Average  for  Arch  nop 
Average  for  both  arches 

0.23 
0.23 

0.16     " 
0.15     " 

0.07    " 
0.09    " 

Measurements  at  the  middle  of  the  15-inch  heams  showed  the 
spread  of  the  arches  in  the  (hrection  C  D  to  be  as  given  in  Taljle  II. 

TABLE  IL 
Showing  Spread  of  Arches. 


Arch. 

Elongation 

Under  Live  Load  of 

500  Lbs.  per 

Sq.  Ft. 

Contraction 

Upon  Removal  of 

Load. 

Elongation 

Still  Remaining  after 

Removal  of  Load. 

P'roni  b  to  e 
From  e  to  h 

0.16  inch 
0.09     " 

0.09  inch 
0.07     " 

0.07  inch 
0.02     " 

Througliotit  the  test  levels  were  taken  upon  the  two  adjacent 
arches,  at  L'  and  D.  which  were  liable  to  deformation  from  the 
thrust  of  the  loaded  arches.  No  considerable  movement  was  found 
in  either  adjacent  arch,  and  ap])arently  their  shape  was  practically 
unchani^ed. 

CONCLUSIONS. 

Under  the  load  of  500  pounds  per  square  foot  the  average 
deflection  of  the  two  arches  tested  was  -j  inch.  Sixteen  hours  after 
the  removal  of  the  load  the  arches  had  regained  about  60  per  cent, 
of  their  deflection,  making  the  average  deflection  still  remaining 
less  than  ^  inch.  Some  permanent  set  might  have  been  expected, 
due  to  the  closing  of  certain  joints  between  bricks  which  were  only 
partly  filled  with  cement  grout.  Still,  it  is  possible  that  the  arches 
had  not  entirely  recovered  from  their  fatigue,  and  that  a  further 
slight  uinvard  movement  could  have  been  detected  had  readings 
been  taken  at  a  longer  interval  after  the  removal  of  the  load.  The 
smallness  of  the  spread  (if  the  arches  was  probal)ly  due  to  the  fact 
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that  the  floor  had  been  built  in  the  adjoining  bays,  and  its  stiffness 
was  sufficient  to  prevent  niucli  sidewise  motion  of  the  arches  in 
question.  It  is  not  hkely  that  the  bent  tie  rods  would  be  very  effi- 
cient in  holding-  the  thrust,  which  must  have  been  resisted  prin- 
cipally by  the  sidewise  bending  of  the  supjxjrting  beams  and  outer 
walls.  The  practice  of  bending  tie  rods  in  arches  is  certainly  not 
to  be  recommended,  and  it  is  understood  that,  in  accordance  with 
the  suggestion  of  the  Building  Department,  the  rods  of  the  other 
floors  of  this  building  have  been  made  straight. 
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Expanded  3Ietal  as  Used  in  Fireproof  Building  Construction 
and  Other  Work.* 


By  WiLLiA^r  M.  Bailey,  Member  Boston  Society  of  Civil  Engineers. 


The  object  of  tliis  paper  is  to  give  briefly  some  information 
regarding  the  uses  of  expanded  metal,  and  the  results  of  a  few  tests 
made  on  expanded  metal  and  concrete  structures. 

At  intervals  there  have  been  submitted  for  the  consideration 
of  engineers  and  architects  different  combinations  of  plastic  mate- 
rials and  steel,  and  of  concrete  and  steel,  with  the  steel  in  the  form 
of  isolated  ribs  acting  entirely  in  tension  ;  combinations  where  single 
rods  are  imbedded  in  the  tension  side  of  the  concrete,  and  combina- 
tions of  steel  and  concrete  where  the  steel  in  continuous  sheets  is 
imbedded  in  the  tension  side  of  the  concrete  and  acts  also  under 
transverse  stress.  Each  of  these  methods  claims  to  possess  cer- 
tain advantages.  The  expanded  metal  system  belongs  to  the  latter 
class,  in  which  the  expanded  metal  acts  entirely  in  tension  and  is 
distributed  through  the  tension  side  of  the  slab  or  beam.  The  metal 
should  be  placed  as  far  as  possible  from  the  neutral  axis  where  its 
moment  of  resistance  is  greatest,  and  at  the  same  time  be  thor- 
oughly imbedded  in  the  concrete.  In  order  to  develop  the  full 
strength  of  steel  it  is  also  necessary  that  it  should  be  held  in  place 
by  some  means  possessing  greater  strength  than  the  cohesion 
between  the  steel  and  the  concrete. 

Expanded  metal  is  made  from  sheet  steel  cut  with  the  grain. 
and  expanded  into  diamond-shaped  meshes,  greatly  increasing  the 
original  size  of  the  sheet  without  any  waste  of  material.  Expanded 
metal  lathing  is  made  from  the  lighter  gages  of  steel,  Nos.  27  and 
24,  and  is  expanded  only  about  three  times  the  size  of  the  sheet  of 
steel.  This  lathing,  besides  being  substituted  for  wooden  laths,  is 
use  in  the  construction  of  fireproof  partitions  and  outside  walls. 
It  is  also  almost  exclusively  used  for  the  framing  of  cornice  and 
ornamental  plaster  work.  The  metal  generally  used  in  floors  is 
Xo.  10  or  No.  4  gage,  the  short  diameter  of  the  diamond  mesh 
being  3  and  6  inches  respectively,  making  the  finished  product  from 
eight  to  twelve  times  wider  than  the  sheet  of  steel.  This  gives  for 
each  foot  in  width  a  sectional  area  of  .168  square  inch  for  the 
3-inch  mesh.  No.  10  gage,  and  .282  square  inch  for  the  6-inch  mesh. 
No.  4  gage  metal. 

For  fireproof  floors  cinder  concrete  is  largely  used,  on  account 
of  its  lightness  and  its  great  resistance  to  fire.     Tests  show  that  it 
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is  sujierior  to  eitlicr  stone  concrete,  tile  or  brick  work  hiid  in  I'ort- 
liind  cement  mortar.  Jt  weii^hs  too  pounds  per  cubic  foot,  and  has 
an  average  crusliinc^  strength  of  I2(X)  pounds  per  square  inch, 
mixed  in  tlie  proportion  of  one  part  cement,  two  parts  sand  and 
five  parts  cinders.     Where  we  require  greater  strength   Portland 


/w  soje/mrt  of  Concrfft 
y'o//  tit  /-ey^iye^  ^/^tf 

off/ce/'i/jc/ivrye  cf/f, 


Secfioo 


Fig.  I.  Retaining  Wall  at  the  New  Dock  for  the  Joint  Use  of  the 
F.  R.  R.  Co.  AND  the  United  States  Navy  Yard,  Boston,  Mass., 
Show  ixG  the  Use  of  Concrete  and  Expanded  Metal. 


cement  stone  concrete  is  used  with  heavy  expanded  metal.  For 
this  construction  tight  wood  centering  is  put  up  between  floor 
beams  so  that  the  concrete  can  be  properly  tainped,  and  the  ex- 
panded metal  is  placed  directly  on  the  centers.  The  shape  of  the 
metal  is  such  that  it  touches  the  centering  at  only  one  point  in  each 
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mesh,  which  allows  space  for  the  concrete  to  be  worked  in  and 
around  the  meshes,  thoroughly  imbedding  the  metal.  In  joining 
one  sheet  of  metal  with  another  it  is  necessary  only  to  lap  the  sheets 
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Fig.  2.     Covered  Waterway. 


Fig.  3. 

Section  of  Proposed  Conduit  for  New  Jersey  Water  Co. 

from  6  to  12  inches,  and  the  concrete  will  bond  them  together  so 
securely  that  the  metal  will  break  before  they  can  be  pulled  apart. 
The  shape  of  expanded  metal  is  such  that  it  cannot  slip  or  be  pulled 
through  the  concrete.   Concrete  and  metal  have  to  work  together; 
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no  sudden  shock  or  continued  vibrations  can  break  their  bonds.  A 
great  advantage  in  exjianded  metal  is  that  it  gives  tensile  strength 
not  only  lengthwise,  but  also  iransxersely.  It  forms  a  blanket  sys- 
tem, distributing  the  load  in  all  directions,  the  whole  acting  as  a 
monolithic  structure. 

When  steel  is  proi)erly  imbedded  in  Portland  cement  concrete 
or  plaster,  we  may  feel  sure  that  it  will  not  rust.  The  expansion 
and  contraction  of  steel  caused  by  changes  in  temperature  is  practi- 
cally the  same  as  that  of  concrete.     Combined  in  one  structure, 


Fig.  4.     Expanded  Metal  as  Used  to  Reinforce  Arch  ok  Sewer. 


steel  and  concrete  act  so  well  that  the  expanded  metal  system  has  a 
wide  field,  and  it  is  interesting  to  note  the  different  designs  where 
expanded  metal  can  be  used  with  a  saving  of  material. 

The  walls  of  wooden  and  steel  frame  buildings  are  built  of  2 
inches  of  Portland  cement  and  expanded  metal  lath.  Large  tanks 
and  cisterns  have  been  built  with  expanded  metal  and  concrete. 
Sidewalks,  floors  and  highway  bridges,  foundations  in  quicksand, 
conduits  and  sewers,  coverings  for  reservoirs,  flat  arches  and  many 
other  designs  can  be  successfully  l)uilt  with  this  construction,  and 
money  saved  by  so  doing. 

The  question  arises,  How  much  does  expanded  metal  increase 
the  strength  of  a  concrete  structure?     Where  crushing  strength 
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only  is  required  expanded  metal  does  not  add  materially  to  the 
strength  of  the  concrete,  but  in  any  structure  that  is  subject  partly 
to  tensile  strain  expanded  metal  may  be  used  with  great  advantage 
to  develop  the  full  compressive  strength  of  the  concrete.  Load  a 
concrete  beam,  for  example.  It  gives  way  when  the  ultimate  ten- 
sile strength  is  reached,  which  is  possil)ly  one-eighth  of  the  com- 
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pressive  strength  of  the  same  material.  If  by  the  introduction  of  ,i 
light  rod  or  sheet  of  expanded  metal  we  can  make  the  beam  stand 
until  the  ultimate  crushing  strength  is  reached,  we  have  increased 
the  strength  of  the  beam  at  least  eight  times. 

I  will  give  the  results  of  a  few  tests  of  the  expanded  metal 
system,  that  will  prove  all  we  can  say  for  the  strength  of  the  combi- 
nation. In  most  of  these  tests  on  flat  floor  slabs,  tabulated  below, 
the  spans  are  short,  but  it  is  only  a  question  of  greater  thickness  of 
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concrete  and  heavier  metal  for  equal  strength  on  longer  spans ;  and 
formula'  arc  now  in  use  by  which  we  desig-n  the  com[)ositc  struc- 
ture with  the  same  confidence  that  wc  have  in  designing  wooden 
or  steel  structures. 

Tests  of  Conckktk  and  Expanded  Metal  Floors.     Flat  Slabs,  Sui'I'orted 

ON  I  Beams. 


DESCRIPTION    OF   TESTS. 

Test  No.  I.  The  slab  tested  w'as  a  panel  selected  from  floors 
built  in  an  eight-story  building.  The  mixture  of  the  concrete  was 
one  part  Alpha  cement,  two  parts  sand  and  five  parts  cinders,  and 
when  tested  w^as  thirty  days  old.  In  section  it  was  like  Fig.  8. 
The  I  beams  supporting  the  slab  were  4  feet  i^  inches  on  centers ; 
thickness  of  concrete  3  inches,  with  one  sheet  3-inch  mesh,  No.  10 
gage,  expanded  metal  imbedded  in  the  lower  part.  The  testing 
began  by  loading  a  platform  4  x  12  feet  with  pig  iron.  No  deflec- 
tion was  perceptible  until  13  tons  had  been  put  on,  when  there  was 
a  deflection  of  ^V  inch.  It  then  increased  under  the  loading  as 
follows : 

Tons.  Deflection. 

ilVz  3/32  in. 

20  1/8    " 

25  3/16  " 


30 

35 

48 
58/8 


1/4  " 
5/16" 
3/8  " 
9/16  " 
11/16  " 


[13] 
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After  twenty-four  hours  the  load  was  removed  and  the  floor 
returned  to  its  original  position,  which  shows  considerable  elasticity 
of  the  combination. 

Test  Xo.  2.  This  test  was  made  the  following  day  on  the  same 
slab  as  test  Xo.  i  by  loading  a  plank  12  inches  wide,  9  feet  6  inches 
long,  placed  lengthwise  in  the  middle  of  the  bay.  A  total  load  of  23 
tons  was  applied,  with  a  deflection  of  f  inch.  The  slab  gradually 
settled  down  and  broke,  resting  on  a  false  floor  which  had  been 
placed  3  inches  below.  A  final  test  on  this  slab  was  made  by  drop- 
ping a  weight  of  185  pounds  (  18  inches  square  on  the  end)  11  feet 
upon  the  broken  slal),  after  the  false  floor  had  been  removed,  with- 
out apparently  doing  further  damage.  This  floor  was  designed  to 
carry  a  breaking  load  of  1600  pounds  per  square  foot,  and  the  tests 
showed  over  40  per  cent,  increase  of  strength. 

All  of  the  tests  tabulated,  excepting  Nos.  10  and  11,  were  made 
upon  sections  of  floors  selected  by  the  architect  or  engineer  from 


I ±. 


FiG.  7. 


buildings  under  construction,  and  therefore  give  a  fair  and  practical 
idea  of  the  strength  of  expanded  metal  and  concrete  flat  slab  cover- 
ings for  floors,  roofs,  etc. 

Without  giving  more  details  than  are  shown  by  the  tables  for 
tests  similar  to  No.  i,  we  will  compare  Nos.  10  and  11.  In  both 
these  slabs  the  concrete  came  from  the  same  "batch"  or  mixture, 
and  both  were  allowed  to  set  under  like  conditions ;  so  without 
doubt  the  average  crushing  strength  of  each  per  square  inch  was 
the  same.  In  No.  10  the  slab  was  composed  of  concrete  alone,  and 
l)roke  under  a  uniformly  distributed  load  of  26  pounds  per  foot. 
In  No.  II  the  concrete  slab  of  same  thickness  as  No.  10  contained 
one  sheet  of  3-inch  mesh,  No.  10  gage,  expanded  metal  imbedded 
in  the  lower  or  tension  side  of  the  beam,  and  broke  under  a  uni- 
formly distributed  load  of  256  pounds  per  square  foot.  This  shows 
that  the  metal  increased  the  strength  of  the  concrete  beam  about 
ten  times. 

In  Fig.  3  we  have  a  cross-section  of  a  concrete  and  expanded 
metal  cftnduit  built  l)y  the  New  York  Expanded  Metal  Company  as 
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an  experimental  section  for  the  Jersey  City  Water  Supply  Com- 
pany from  design  of  Mr.  R.  Godfrey,  civil  engineer.  The  con- 
crete below  the  springing  of  the  arcli  was  composed  of  one  part 
Nazareth  cement,  two  parts  fine  stone  screenings  and  sharp  sand 
and  four  parts  of  crushed  stone ;  the  portion  above  the  spring  line 
was  composed  of  one  part  cement,  two  and  one-half  parts  screenings 
and  sand  and  five  parts  crushed  stone.  When  the  concrete  was 
seven  days  old  the  centering  was  removed,  and  at  the  age  of  twenty- 
one  days  the  concrete  structure  was  tested.  Fig.  5  is  from  a  photo- 
graph of  the  loaded  12-foot  section.  Twenty-five  tons  of  steel 
rails  were  placed  upon  three  wooden  saddles  fitted  on  the  crown  of 
the  arch  6  feet  apart.  Slight  cracks  were  developed  at  points 
marked  a,  1),  c  in  Fig.  3.  About  one  ton  of  steel  rails  was  after- 
ward twice  dropped  1 1  feet  upon  the  loaded  section,  and  the  cracks 
were  slightly  widened,  which,  with  a  total  deflection  of  j\  inch,  was 
the  only  change  in  the  structure.     The  results  from  the  above  test 
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Fig.  8. 


were  so  favorable  that  the  writer  has  since  built  a  similar  conduit 
for  the  Massachusetts  Chemical  Company,  at  Walpole,  Mass.  A 
wheel  pit  33  feet  deep  and  15  feet  in  diameter,  with  an  8- foot 
diameter  inlet  and  an  arched  tail-race  15  feet  in  diameter,  are  now 
under  construction  for  the  same  company.  The  walls  of  the  wheel 
pit  are  18  inches  thick  at  the  bottom,  and  reinforced  with  expanded 
metal.  The  flume  deck,  carrying  a  weight  of  20  feet  of  water,  and 
the  floor  of  the  generator  house  above  are  concrete  and  expanded 
metal  flat  slabs  supported  on  I  beams  similar  to  our  No.  3  system, 
shown  in  Fig.  8.  The  tail-race  is  to  be  built  part  of  the  distance  in 
a  trench  22  feet  deep,  with  the  following  dimensions:  Span  15 
feet,  rise  18  inches,  concrete  6  inches  thick  at  the  crown  and  in- 
creasing to  8  inches  thick  at  springing.  One  sheet  of  expanded 
metal,  3-inch  mesh.  No.  10  gage,  is  imbedded  in  the  concrete  to 
give  the  tensile  strength  where  required. 

Mill  engineers  are  becoming  interested  in  the  possibilities  of 
concrete  and  expanded  metal  construction,  as  it  may  be  applied  to 
their  work.  One  of  the  large  pulp  mills  in  Maine  has  recently  ac- 
cepted our  designs  for  concrete  and  expanded  metal   bleaching 
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chests.  They  are  circular,  about  14  feet  in  diameter  and  20  feet 
high ;  the  walls  at  the  bottom  6  inches  thick,  with  enough  expanded 
metal  imbedded  in  the  concrete  shell  to  give  it  the  necessary 
strength  when  filled  to  the  top  with  water. 

Entire  buildings  are  now  made  of  cement  and  concrete  on 
wooden  or  steel  frames,  and  are  practically  fireproof.  Many 
owners  carry  no  insurance,  and  when  insurance  is  carried  the  dif- 
ference in  rates  warrants  the  extra  expense  of  concrete  construction, 
over  wood. 


,Tlonkj(.,UToC=~:rr. 
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With  and  Without  H-AtCciud-ig 

Fig.  10. 


In  Fig.  9  are  sections  of  outside  walls,  partitions,  etc.,  as  built 
with  expanded  metal  and  Portland  cement. 

A  reservoir  has  lately  been  covered  over  with  a  flat  slab  or 
blanket  of  concrete  and  expanded  metal,  and  was  supported  only 
by  piers  about  12  feet  on  centers  each  way.  This  made  a  simple 
and  easily  constructed  covering  only  7  inches  thick,  which  did  not 
require  such  expensive  centering  as  is  necessary  with  the  groined 
arches. 

There  is  a  growing  demand  for  concrete  structures,  and  I 
have  tried  to  show  by  these  few  tests  and  remarks  that  expanded 
metal  of  the  right  shape  and  strength,  properly  used  with  concrete 
or  plaster,  will  give  a  maximum  strength  with  a  minimum  amount 
of  material,  and  is  applicable  to  many  cases  where  concrete  alone 
could  not  be  used. 
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Description  of  Kansoine  S.vst<'iii  ol"  ("oiim'te  Steel  IM<M»rs.* 
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Ix  (Tiler  to  ]iro])erly  understand  the  streng^th  of  the  concrete 
steel  arcli,  or.  more  correctly,  heani.  it  is  necessary  to  first  consider 
the  jjrinciple  i>\  the  coinhinat ion  of  the  steel  har  with  the  concrete. 
S<|uare  hars  ol'  steel  are  gripped  hy  the  ends,  and  are  twisted  cold 
until  the  ani^ie  made  h\  the  edg^e  with  the  axis  of  the  bar  is  about 
20°.  The  bar  thus  becomes  a  long-  screw.  The  mortar  of  the 
concrete  imbeds  itself  in  the  concave  whorls  of  the  bar,  and,  when 
set,  in  order  to  remove  the  bar  an  area  of  concrete  must  be  sheared 
ott  equal  to  the  sui)erticial  area  of  the  cylinder  inclosing  the  bar. 
In  addition,  some  portion  of  every  face  presents  a  resistance  to 
drawing  through  the  concrete  in  a  direction  inclined  to  the  axis  of 
the  bar.  (  )ne  com])onent  of  this  is  a  compressive  resistance.  Thus 
the  bar  is  thoroughly  and  rigidly  held  throughout  its  entire  length, 
so  that  it  cannot  stretch  or  draw,  and  can  at  no  point  bring  upon  the 
concrete  a  concentrated  stress  greater  than  it  can  bear. 

Thus  for  i)ractical  purjxjses  the  bond  of  union  is  perfect,  and 
the  composite  beam  can  be  figured  accurately  by  using  the  steel  as  a 
tensile  memlier  and  the  concrete  as  a  compressive  member.  The 
common  formula,  which  is  sufficiently  accurate  for  all  practical 
work,  is  obtained  by  equating  the  external  force  M  =:■  'f  (giving 
the  bending  moment  in  the  beam  for  a  uniformly  distributed  load) 
against  the  internal  force  of  the  working  stress  of  the  bar  into  the 
arm  between  it  and  the  center  of  gravity  of  the  upper  third  of  the 
concrete,  which  is  the  compressive  portion  of  the  beam  considered. 
I-j(uating  these  gives  the  formula  f  =:  g'^^'^,.  Wherein  f  is  the 
fiber  stress  in  the  bar  in  pounds  per  square  inch,  L  is  the  total  load 
on  the  beam  in  pounds,  S  is  the  span  in  inches  and  D  is  the  depth  of 
beam  from  its  top  to  the  center  of  the  bar.  As  cold  twisting  of 
mild  steel  increases  the  tensile  strength  and  raises  the  elastic  limit 
from  10  to  15  per  cent.,  there  is  no  appreciable  error  in  increasing- 
the  denominator  5  per  cent.,  changing  6f  to  7,  which  makes  a  simple 
formula  for  actual  use  f  =  '-',^.  Numerous  experiments  show- 
that  there  is  greater  strength  in  the  actual  construction  than  is 
indicated  in  the  formula,  which  nominally  gives  a  factor  of  from 
J.  to  5. 

For  short  spans,  say  up  to  about  10  feet,  we  use  a  flat  slab  of 
concrete  with  the  rods  imbedded  in  the  lower  surface.     It  will  be 

^Manuscript  received  December  5.  1900. — Secretary,  .Ass'n  of  Eng.  Sees. 
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seen  that  the  tensile  members  of  the  slab  run  in  straight  lines,  and 
this  is  an  important  advantage  of  our  construction  over  those  which 
employ  a  metal  mesh,  for  where  heavy  loads  or  long  spans  necessi- 
tate an  increase  in  the  depth  of  the  slab  we  can  core  out  between 
the  lines  of  stress,  and  thus,  while  retaining  the  depth  and  strength, 
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Fig.  I.     Design  for  Flat  Slab  Floor,  Ransome  System. 
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Fig.  2.     Design  for  Fire-proof  Floors,  Ransome  System. 


can  decrease  the  weight  of  the  slab.  This  construction  gives  an 
absolutely  fire-proof  and  rust-proof  floor,  which  is  capable  of  carry- 
ing large  loads  over  long  spans.  It  will  be  observed  that  the  bar 
is  thoroughly  encased  in  the  concrete,  but  nevertheless  it  is  never 
more  than  2  to  3  inches  from  the  lower  surface.     Experiments  by 
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Mr.  E.  L.  Ransoinc,  l)y  those  interested  in  the  Ah)nier  and  Melan 
systems  and  hy  Professor  Uauschinger.  of  the  Munich  Technical 
Hi.qli  School,  all  prove  that  concrete  affords  a  thoroui^hly  trust- 
worthy means  of  lirotecting  steel  against  rust. 

l-'ij;-.  I  shows  the  construction  of  a  tlat  slah  Moor,  l-'is;-.  2  show.i 
a  section  of  floor  where  the  concrete  has  been  cored  out  between  the 
bars  which  form  the  tensile  members  of  this  construction.     Going 


^^?^(s 


Fig.  3.     Design  for  Roof  of  Septic  Tank.     Isometric  View  of  Typical 

Bay. 

Safe  Superimposed  Load,  including  2  ft.  Earth  Fill  =  250  lbs.  per  sq.  foot.  Weight  on  each 
Pier  with  Full  Load  =  15  tons.  Load  on  soil  3  tons  per  sq.  foot.  Girders,  each  half,  6"  x  15" 
+  i^"bar.  Beams  3"  x  10"  +  K"  twisted  steel  bar.  Slab  3"  thick  with  'X"  twisted  bars  10" 
center  to  center.  Piers  12"  x  12"  x  10'  long.  Footings  2' 3"  x  2' 3"  x  12"  thick.  Bays,  12' x 
8'  6"  on  centers. 

one  step  further,  we  build  floors  with  concrete  girders.  The  con- 
crete beams  head  into  these  girders,  i-'ig.  3  is  an  isometric  view  of 
the  roof  of  a  septic  tank  designed  on  these  lines. 

Probably  the  best  example  of  Ransome  construction  is  the 
building  of  the  Pacific  Coast  Borax  Company,  at  Bayonne,  X.  J. 
in  plan  the  building  is  about  /=,  feet  by  200  feet,  and  is  four  stories 
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in  height.  The  floors  take  their  bearing  on  concrete  cokunns  iS 
inches  square  and  upon  the  walls.  The  floor  bays  are  12  x  24  feet. 
The  floors  were  designed  for  carrying  loads  of  500  pounds  per 
square  foot,  besides  supporting  jarring  machinery;  but  they  are 
often  entirely  covered  with  borax  to  a  load  of  1000  pounds  per 
square  foot. 

As  regards  the  strength  of  this  construction:  In  the  police 
court  building  at  Chelsea,  Mass.,  we  built  a  flat  slab  4^  inches  thick 
which  had  a  clear  span  of  14  feet  8  inches  between  supports,  re- 
inforced by  f-inch  bars  6  inches  apart  between  centers.  It  was 
designed  for  a  live  load  of  100  pounds  per  square  foot.     Some  ques- 


Ransome  Floor  Con.stkuctiox,  Edison   Illuminating  Co.'s  Power  Plant. 

Paterson,  N.  J. 


tion  was  raised  as  to  its  strength,  and  in  order  to  reassure  the 
doubters  we  put  40  barrels  of  cement  three  tiers  high  on  the  center 
of  the  span,  giving  a  load  equal  to  200  pounds  per  sc[uare  foot 
uniformly  distributed.  There  was  no  apparent  effect  on  the  slab. 
In  1897  the  Building  Department  of  the  city  of  Boston  made  a 
test  of  a  beam  floor  which  spanned  15  feet.  The  beams  were 
figured  to  carry  125  pounds  per  square  foot,  which  equaled  two 
tons  each.  The  Building  Department  loaded  one  beam  with  six 
tons  on  the  middle  13  feet.  The  deflection  was  3-16  inch.  This 
load  remained  on  for  three  weeks,  and  the  deflection  disappeared 
when  the  load  was  removed. 
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At  this  Ijiiilding'  we  constructed  over  an  area  a  driveway  with 
a  sj)an  of  12  feet  between  supports.  The  thickness  between  the 
upper  surface  and  the  bottom  of  the  concrete  l)eams  is  about  12 
inches.  This  driveway  is  subject  to  the  usual  jarring-  and  pounding 
wear  of  a  roadway.  Heavy  loads  of  flour  are  taken  over  it  daily, 
and  4-horse  loads  of  machinery  have  been  hauled  over  it  re- 
peatedly.    It  is  in  as  good  shape  to-day  as  the  week  it  was  built. 

A  specimen  of  our  floor  was  tested  by  Professor  Edward  F. 
Miller,  i^i  the  Massachusetts  Institute  of  Technology.  The  con- 
crete slab  was  4  inches  thick,  5  feet  wide  and  14  feet  long,  and  was 
supported  bv  6-inch    I    l)eams  spaced  4  feet  7  inches  on  centers. 
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There  was  no  side  support.  The  specimen  was  21  days  old  when 
tested.  Imbedded  at  the  bottom  of  the  slab,  and  6  inches  apart 
on  centers,  were  pieces  of  §-inch  square  twisted  steel.  The  slab 
was  designed  for  a  load  of  500  pounds  per  square  foot.  One  end 
span  of  the  slab  was  first  tested  by  piling  bricks  on  it  until  it  was 
loaded  with  a  uniformly  distril)uted  weight  of  489  pounds  per 
square  foot.  Under  this  load  the  center  deflection  between  the  I 
beams  was  3-32  inch.  The  load  was  then  increased  to  724  pounds 
per  square  foot,  and  the  deflection  under  this  load  was  y^,2  inch. 
With  the  maximum  load  still  remaining  on  the  first  span,  the  second 
span  was  tested  by  dropping  a  stick  of  spruce  timber,  weighing 
164^  pounds,  from  a  height  of  7  feet  10  inches  so  that  it  struck  on 
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end  in  the  center  of  the  span.  Five  blows  in  all  were  struck  in  this 
way.  Three  of  them  were  at  an  angle.  The  last  two  blows  were 
fair,  and  both  struck  in  the  same  space  at  about  20  inches  from  the 
I  beam.  No  cracks  were  noticed  after  this.  The  third  span  was 
tested  by  setting  a  jack  under  an  upright  and  turning  it  until  a  load 
of  7700  pounds  was  l)rought  on  an  area  ^  x  9  inches.  At  this  load 
a  slight  crack  appeared,  and  the  specimen  gradually  failed.  The 
middle  span  was  then  loaded  across  the  center  through  an  I  beam 
having  a  bearing  surface  3^  inches  wide  and  5  feet  long.  The 
maximum  load  put  on  at  the  center  was  20.700  ]:)ounds.  which  equals 


1900  pounds  per  square  foot  uniformly  distributed,  and  the  deflec- 
tion at  the  time  the  first  crack  appeared  at  the  bottom  was  11-16 
inch. 

In  our  opinion,  the  most  notable  example  of  the  strength  of 
concrete  steel  floors  is  that  of  the  Edison  Electric  Station  at  Pater- 
son,  N.  J.  Here  the  concrete  floor  has  girders  9^-foot  span  and 
beams  12^-foot  span,  18  inches  in  depth,  united  at  the  top  by  a  panel 
4  inches  thick.  The  girders  are  supported  by  brick  piers  20  inches 
square.  A  counter-shaft  about  100  feet  in  length  is  bolted  down  to 
the  panel  of  this  floor ;  with  22  belts,  two  connected  with  750  horse- 
power engines,  the  others  driving  dynamos,  all  pulling  on  one  side. 
All  the  dynamos  rest  on  the  floor  at  any  convenient  point.  Quite  a 
number  of  compound  engines  of  the  vertical  type  are  supported  by 
two  A  frames  bolted  down  to  the  floor,  which  in  turn  is  supported 
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by  long  brick  piers.  Tlie  main  shaft  is  about  i8  feet  in  length, 
having  a  heavy  fly  wheel,  and  the  armatures  of  two  large  dynamos 
wound  on  it,  and  supported  by  two  pillow  blocks  which  are  bolted 
down  to  the  4-inch  panel  in  the  middle  of  the  i2j-foot  span.  These 
engines  run  very  smoothly,  and  there  is  scarcely  a  perceptible 
tremor  when  standing  in  contact  with  the  pillow  block  while  the 
engines  are  running. 

There  arc  many  other  applications  of  this  system,  such  as  the 
construction  of  walls,  chimneys,  arch  bridges,  retaining  walls,  etc. 
We  have  confined  our  description  only  to  the  so-called  flat  arch 
floor. 
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Tests  of  Koebling-  Fireproof  Floors.* 


By  Andrew  W.  Woodman.  C.  E. 


In  the  many  tests  that  have  been  made  by  the  Roebhng  Construc- 
tion Company  on  concrete  floors  as  installed  by  them  in  modern, 
first-class  buildings,  the  cjuestion  that  has  always  received  the  most 
careful  consideration  is  the  fire-resisting  equality  of  the  construction. 

Incidental  to  these  fire  tests,  however,  there  have  been  made 
a  large  number  of  load  tests,  which  have  demonstrated  beyond 
a  peradventure  the  fact  that  Roebling  Standard  Floor  Construc- 
tion will  meet  the  requirements  of  the  most  exacting  building 
laws. 

As  the  subject  of  fireproofing  is  not  the  one  under  consid- 
eration, the  records  that  will  be  here  given  relate  only  to  the 
action  of  the  arches  tested  under  load. 

The  "Roebling  Arch"  consists  of  cinder  concrete  composed  of 
I  part  high-grade  Portland  cement,  2^  parts  coarse,  sharp  sand 
and  6  parts  clean  steam  cinders,  laid  on  a  permanent  stifl^ened 
wire  center  which  is  sprung  between  steel  beams. 

This  wire  center  is  made  of  a  wire  netting  having  round 
steel  rods  woven  in  at  frequent  intervals,  the  size  of  rod  depend- 
ing upon  the  span  and  rise  of  the  arch.  The  wire  is  woven  with 
4  meshes  to  the  inch  in  one  direction  and  2|  to  the  inch  in  the 
cross-direction.  The  stiffening  rods  are  curved  to  the  form  of 
the  arch,  and  are  made  of  such  length  that  at  each  end  they  project 
about  2  inches  beyond  the  edge  of  the  netting,  so  that  when  the 
concrete  is  laid  there  will  be  a  good  bearing  of  concrete  on  the 
lower  flanges  of  the  beams.  After  the  center  is  sprung  between 
the  beams  it  is  held  in  position  by  means  of  rods  laid  parallel  to 
the  axis  of  the  arch  and  securely  laced  to  the  stiffening  rods. 

Fig.  I  shows  such  an  arch  with  the  cinder  concrete  filling  in 
position  and  with  a  suspended  wire  lath  ceiling  attached  to  the 
lower  flanges  of  the  beams.  This  form  of  construction  is  well 
adapted  for  use  in  warehouses  where  provision  must  be  made  for 
heavy  loads.  In  such  cases  a  modified  form  of  the  arch,  omitting 
the  level  ceiling  and  completely  incasing  the  lower  flange  of  the 
beam,  is  very  extensively  used.  A  section  of  this  form  of  con- 
struction is  represented  by  Fig.  2,  and  a  photograph  showing  its 
appearance  when  finished  is  reproduced  in  Fig.  3. 

The  arch  form  of  construction  is  somewhat  more  expensive 
than  many  of  the  lighter  forms  of  fireproof  floors,  and,  to  meet 

*Manuscript  received  November  24.  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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the  competition  of  these  cheaper  floors,  the  Roebhngs  have  de- 
veloped a  form  of  flat  construction  such  as  that  represented  by 
Fig.  4.  This  consists  of  a  hght  steel  framework  imbedded  in 
cinder  concrete.     The  framework  is  built  of  steel  bars  placed  on 
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edge,  twisted  at  the  ends  and  clamped  tightly  over  the  Ranges 
of  the  supporting  I  beams,  and  braced  or  bridged  throughout  by 
means  of  steel  spacers  placed  about  2  feel  on  centers.  Under- 
neath this  light  framework  is  placed  t-ithcr  a  permanent  center  of 


stiffened  wire  cloth  or  a  temporary  wood  center,  on  which  is  laid 
the  cinder  concrete.  Such  floors  are  built  with  spans  up  to  16 
feet,  but  the  long  spans  are  intended  for  only  light,  live  loads. 

With  this  brief  description  of  forms  and  methods  of  construc- 
tion, the  reports  of  tests  which  follow  will  be  more  readily  under- 
stood. 
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TESTS   OF  FLAT   CONSTRUCTION. 

Test  I.  An  isolated  section  4  feet  wide,  8  feet  between  beams 
and  3I  inches  thick,  with  framing  consisting  of  2  x  3-16  inch 
bar,  16  inches  on  centers,  was  loaded  at  the  center,  the  load  being 
placed  on  a  12-inch  plank  across  the  slab.  Under  a  load  of  4000 
pounds,  which  was  equivalent  to  250  pounds  per  square  foot,  the 
deflection  was  -^  inch.  Under  5200  pounds,  which  was  equivalent 
to  325  pounds  per  square  foot,  the  deflection  was  ^  inch. 

In  this  test  the  beams  were  not  held  rigidly  in  place,  and  the 
test  was  not  carried  to  the  destruction  of  the  slab. 

Test  II.  On  a  continuous  floor  where  the  span  between 
beams  was  9  feet  8^  inches,  a  room  7  feet  8  inches  from  wall  to 
plaster  partition  was  loaded  up  to  106  pounds  per  square  foot. 
The  framing  consisted  of  2  x  3-16  inch  bars,  16  inches  on  centers, 
so  placed  that  the  bottoms  of  the  bars  were  about  3-J  inches  below 
the  top  of  the  concrete.  A  brick  wall  had  been  built  on  the 
beam  at  outside  of  building,  so  that  it  was  impossible  to  clamp  the 
bars  over  this  beam  as  is  customary.  There  was  a  hole  in  the  floor 
about  I  foot  square,  i  foot  from  the  plaster  partition  and  close  to 
the  inside  beam.  Eight  layers  of  furring  tile,  amounting  to  106 
pounds  per  square  foot,  were  'placed  free  of  walls,  partitions  and 
girders,  covering  a  space  7x8  feet. 

Under  this  load  the  deflection  was  3-64  inch.  In  the  original 
design  of  this  particular  building  5-inch  l)eams  were  specified, 
which,  on  9  feet  8^-inch  span  and  under  a  50-pound  live  load, 
would  deflect  about  5-16  inch,  which  is  close  to  the  limit  on  this 
span  for  the  safety  of  the  plastering. 

Test  III.  At  a  building  in  Montreal  where  the  spans  were 
15  feet  7^  inches,  a  section  4  feet  5  inches  wide  was  isolated  by 
cutting  with  cold  chisels.  The  slab  was  8^  inches  thick  and  was 
framed  with  2  x  3-16  inch  bars  placed  12  inches  on  centers.  This 
was  loaded  with  sand  in  wooden  boxes,  covering  an  area  15  feet  2 
inches  x  4  feet  2  inches.     Loads  and  deflections  were  as  follows : 

With  a  load  of  90  pounds  per  square  foot  the  deflection  was 
^  inch. 

With  a  load  of  120  pounds  per  square  foot  the  deflection  was 
3-16  inch. 

With  a  load  of  180  pounds  per  square  foot  the  deflection  was 
^  inch. 

It  is  interesting  to  note  that  under  this  load  a  12-inch  beam, 
designed  in  accordance  with  the  Boston  building  laws,  would 
deflect  about  11-32  inch.  The  load  was  left  standing  one  hour, 
then  increased  to  275  pounds  and  left  standing  over  night.     The 
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total  deflection  was  7-16  inch.  On  removal  of  the  load  the  floor 
immediately  returned  3-16  inch,  leaving  thus  a  permanent  de- 
flection of  ^  inch. 

Test  IV.  This  same  slab  was  subsequently  tested  with  a 
sand  load  in  a  4  x  5-foot  box  on  the  center  of  the  span. 

Deflection. 

Not  appreciable. 
1/16" 
1/8" 
S/32" 
1/4" 
5' 8"     "  1/4" 

This  amounted  to  10,170  pounds  or  the  equivalent  of  about 
300  pounds  per  square  foot.  The  load  was  left  standing  twenty- 
four  hours,  after  which  time,  as  there  was  no  further  deflection, 
it  was  removed. 

TESTS  OF  ARCH  CONSTRUCTION. 

Test  F.  A  floor  forming  the  top  of  a  brick  fire-test  struc- 
ture II  X  15  feet  inside  was  first  fired,  then  drenched  with 
water  from  a  fire  hose  and  then  loaded.  The  arches  were  10 
inches  deep,  3  inches  thick  at  crown,  on  lo-inch  I's,  3  feet  lof 
inches  on  centers.  The  center  one  of  three  bays  was  loaded  with 
150  pounds  per  square  foot  and  the  structure  was  then  fired. 
Temperatures  ranging  from  2000°  F.  to  2550°  F.  were  recorded 
after  the  fire  was  well  under  way.  After  two  hours  the  fire  was 
'quenched  with  a  stream  of  water,  and  on  a  subsequent  day  the 
center  arch  was  loaded  to  186  pounds  per  square  foot.  Deflec- 
tions under  this  load  were  not  recorded. 

Test  VL  The  form  of  construction  as  described  in  Test  V, 
with  4-foot  spans,  was  submitted  to  a  five-hour  test  where  the 
temperature  reached  2300°  F.  as  a  maximum.  The  center  arch 
was  loaded  with  150  pounds  per  square  foot  before  the  structure 
was  fired.  A  fire  stream  from  a  i^-inch  nozzle,  under  60  pounds 
pressure,  was  applied  after  five  hours,  at  which  time  the  tem- 
perature was  1950°  F.  Ceilings  and  walls  were  wet  for  fifteen 
minutes,  then  the  top  of  the  floor  was  flooded  for  seven  minutes, 
after  which  time  the  fire  on  the  grates  was  quenched.  After  the 
fire  test  the  center  bay  was  loaded  with  600  pounds  per  square 
foot,  with  a  resulting  deflection  of  ^  inch. 

Test  VIL  A  section  of  arch  that  was  m  the  five-hour  fire 
test  previously  recorded  was  subsequently  loaded  with  a  view 
to  determining  its  ultimate  strength.  A  portion  of  the  arch  4 
feet  long  was  isolated  by  cutting  through  the  concrete  and  the 
center  space  2^  x  4  feet  was  loaded.  The  beams  supporting  the 
arch  were  shored  up  to  prevent  deflection.  The  deflection  of  the 
arch  was  measured  under  various  loads. 
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L  ndcr   10,500  ixmnds  il  was  o.oC)  i'.ioh. 

Under  19,900  pound>  it  was  o.j  iiK-h. 

linder  24.420  pounds  il  was  0.245  inch. 

Loading  was  continued  until  the  pile  was  abcnU  12  feel  liigh, 
weighed  40,550  pounds  and  was  heconiing  unslable  owing  to  the 
small  area  on  which  ihe  load  was  sup])oried.  Three  men  then 
went  on  top  of  the  pile  to  connnence  unloading.  At  this  time, 
inider  a  load  of  about  4i,otx)  pounds,  or  4100  pounds  per  scpiare 
foot  of  loaded  area,  the  deflection  of  the  arch  was  'j  inch.  After 
the  load  had  been  removed  it  was  found  that  the  permanent  de- 
tleclion  was  f  inch. 

Jest  J 'III.  A  5-foot  Roebling  arch  on  lo-inch  beams,  12 
feet  long  between  brick  walls,  was  loaded  in  the  center  with 
10,000  pounds  of  pig  iron  placed  on  an  area  of  7  square  feet  and 
subjected  to  a  fire  test.  Alongside  this  arch  was  a  similarly 
loaded  tile  arch  of  lo-inch  hard-burned  terra  cotta.  made  from 
material  that  had  been  delivered  at  a  building  in  course  of  erec- 
tion. At  the  expiration  of  four  hours  and  five  minutes  the 
10,000  pounds  of  pig  iron  fell  through  the  tile  arch  and  stopped 
the   test. 

Test  IX.  A  5-foot  Roebling  arch  14  feet  long  was  built 
alongside  a  5-foot  arch  of  8-inch  semi-porous  tile,  and  each  arch 
was  loaded  with  150  pounds  per  square  foot.  The  fire  test  lasted 
three  hours  and  sixteen  minutes,  after  which  time  the  tile  arch 
collapsed. 

The  deflections  previous  to  failure  of  tile  arch  were  3.65  inch 
on  the  tile  tioor  and  1.4  inch  on  the  concrete  floor. 

Test  X.  Sections  of  arch  12  inches  long  were  cut  from  the 
floor  tested  as  described  by  Test  IX,  and  loaded  by  means  of  a 
hydraulic  cylinder  on  the  center  of  arch.  One  section  failed  at 
3000  pounds,  and  a  second  failed  at  3200  pounds.  A  section  of 
the  same  floor  46  inches  long,  and  similarly  loaded,  broke  under 
a  center  load  of  11,900  pounds. 

Records  of  other  tests  describing  the  action  of  Roebling 
archei-  under  various  conditions  of  loading  might  be  given,  but  the 
limits  of  this  paper  will  not  permit.  Such  as  are  herein  given 
relate  only  to  strength,  and  omit  much  that  from  the  standpoint 
of  fireproofing  would  be  of  great  interest;  but  it  is  hoped  that 
these  will  suffice  to  demonstrate  the  suitability  of  Roebling  floor 
construction  for  modern  building  work,  so  far  as  the  questioii 
of  strength  is  concerned. 

The  use  of  the  Roebling  arch  in  bridge  floors  has  never 
received  much  attention,  but  from  the  report  on  the  strength  and 
cost  of  the  brick  and  concrete  arches  described  in  the  paper  on 
"Tests  of  Brick  and  Concrete  Arches."  it  would  appear  that  the 
field  might  be  entered  with  advantage. 
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A  REVIEW  OF  CONCRETE-METAL  CONSTRUCTION. 


By  Chas.  M.  Kurtz,  Member  Technical  Society  of  the  Pacific  Coast. 


[Read  before  the  Society,  March  i,  1901.*] 

As  indicated  by  the  title,  the  nature  of  this  paper  is  that  of  a 
review  of  progress  along  this  line,  as  found  in  the  various  articles 
that  have  from  time  to  time  appeared  in  the  engineering  publica- 
tions. 

This  paper  might  also  be  considered  supplementary  to  the 
paper  found  in  the  transactions  of  this  Society,  written  by  our 
esteemed  late  president,  Mr.  G.  W.  Percy,  which  paper  was  read 
before  this  Society  January  6,  1888,  and  entitled  "Practical  Appli- 
cations of  Iron  and  Concrete  to  Resist  Transverse  Strains." 

In  this  paper  Mr.  Percy  reviewed  the  applications  of  iron  to 
concrete  beams  as  invented  by  Thaddeus  Hyatt  and  by  E.  L. 
Ransome.  Stated  briefly,  Mr.  Hyatt's  method  consisted  in  im- 
bedding a  skeleton  of  iron  in  the  shape  of  a  gridiron  near  the 
bottom  of  the  concrete  beam  or  slab,  the  principle  of  the  construc- 
tion being  that  the  iron,  used  in  the  lower  flanges  of  the  beams, 
would  serve  only  as  the  tie  or  tensile  member,  while  the  concrete 
formed  the  compression  member  and  connecting  web.  His  tests 
demonstrated  that  iron  could  be  perfectly  united  with  concrete 
so  as  to  work  in  unison  with  it  and  form  a  compound  beam  or 
girder. 

Mr.  Ransome's  method  consisted  in  the  substitution  of 
square  bars  of  iron  or  steel,  twisted  cold,  instead  of  the  iron 
frame  of  Mr.  Hyatt's  invention,  to  be  imbedded  near  the  bottom 
of  concrete  girders  or  flat  slabs.  This  application  of  iron  to  con- 
crete, though  modified  slightly  in  arching  the  beams  transversely 
between  the  rods,  has  been  used  extensively  and  successfully  in 
sidewalks  and  roofs. 

Before  describing  the  different  systems,  a  few  remarks  will 
be  made  on  the  elasticity  of  concrete,  the  adhesion  between  con- 
crete and  iron,  and  the  behavior  of  concrete  as  the  preservative 
of  iron. 

Elasticity.  As  will  be  mentioned  later,  the  elasticity  of  con- 
crete has  been  practically  demonstrated  by  the  tests  of  the 
Austrian  Society  of  Engineers  and  Architects,!  ^^^  by  numerous 
other  tests ;  consequently,  in  combination  of  concrete  and  metal, 
both  materials  deform  equally  when  subjected  to  a  stress,  and  there- 

*Mahuscript  received  March   7,    1901. — Secretary,   Ass'n  of  Eng.   Socs. 
tOesterreichischer  Ingenieur-  und  Architekten-Verein. 


A  REVIEW  OF  CONCRETE-METAL  CONSTRUCTION.      109 

fore  their  stresses  are  as  their  relative  moduh  of  elasticity.  Mr. 
Thachcr,  in  his  formulas,  puts  the  value  of  the  modulus  of  elas- 
ticitv  of  concrete  at  1,400,000  pounds  and  that  of  steel  at  28,000,- 
000  ]X)unds.  The  Austrian  Society  determined  the  value  of  the 
moduli  of  the  elasticity  of  steel,  concrete  and  mortar  as  follows: 

For  steel,  29,700,000  to  31,400,000  pounds. 
For  concrete,  1,400,000  to  4,000,000  pounds. 
For  1.3  mortar,  5,000.000  to  6,000,000  pounds. 

Expansion.  M.  I'.cimiocau,  a  French  author,  gives  the  ther- 
mic expansion  of  Portland  cement  as  0.0000143  Celsius,  while  iron 
has  0.0000145. 

Adhesion.  It  has  heen  well  demonstrated  that  there  is  a 
strong  adhesion  between  concrete  and  iron.  This  great  adhesion 
is  attributed  to  a  chemical  connection  between  the  silicates  of 
cement  and  steel.  Professor  Bauschinger  found  the  adhesion 
between  mortar  and  iron  to  be  between  570  and  640  pounds  per 
square  inch. 

To  determine  values  of  the  adhesion  between  iron  and  ce- 
ment mortar,  Mr.  W.  A.  Hoyt,  a  student  at  the  University  of 
Wisconsin,  last  year  conducted  a  series  of  experiments  to  deter- 
mine the  stress  per  square  inch  of  metal  surface  required  to  pull 
imbedded  bolts  from  the  mortar.  He  experimented  with  polished 
bolts,  rusty  bolts,  bolts  with  normal  surface  and  bolts  that  had  been 
coated  with  a  neat  cement  mortar  before  being  imbedded  in  the 
concrete.  While  his  experiments  were  not  entirely  satisfactory,  on 
account  of  a  lack  of  uniformity  in  the  sand  used  (which,  however, 
is  something  liable  to  happen  in  practice),  the  average  results  of 
his  tests  are  as  follows  : 

Age  of  concrete,  ten  weeks. 

Adhesion  of  polished  bolts,  440  pounds  per  square  inch.  * 

Adhesion  of  rusty  bolts,  520  pounds  per  square  inch. 

Adhesion  of  bolts  with  normal  surface,  570  pounds  per  square  inch. 

Adhesion  of  bolts  coated  with  neat  cement,  820  pounds  per  square  inch. 

Adhesion  (average),  588  pounds  per  square  inch. 

Concrete  as  a  Preservative  of  Iron.  It  has  been  well  proven 
that  cement  acts  as  a  preservative  of  iron  and  steel,  and  many 
instances  could  be  cited  showing  that  iron  or  steel  will  not  rust 
when  imbedded  in  concrete,  even  if  the  concrete  itself  be  im- 
mersed. 

The  common  principle  of  all  concrete-metal  construction  is 
that  the  imbedded  metal  supplies  the  quality  of  tension,  a  quality 
which  is  lacking  in  the  concrete  itself,  and  in  return  the  concrete 
stiffens  the  metal. 
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Other  systems  besides  the  Ransome  system  of  concrete- 
metal  construction,  which  are  specially  favored  in  practice  to-day, 
are  the  Monier,  the  Wtinsch,  the  Melan,  the  Thacher,  the 
Hennebique  and  the  "expanded  metal"  systems.  Each  of  these 
systems  is  individually  a  proper  subject  for  a  paper,  so  the  discus- 
sion of  the  several  systems  will  be  made  as  brief  as  is  consistent 
with  a  review  of  this  kind. 

The  most  important  and  popular  practice  in  concrete-metal 
construction  to-day  is  the  reinforcing  of  the  arch  ring  of  a  con- 
crete arch  by  the  imbedding  of  iron  or  steel  in  various  forms.  An 
arch  fails  usually  by  tearing  apart  near  the  center  at  the  intrados. 
and  at  the  haunches  at  the  extrados,  the  material,  at  these  places 
in  the  arch,  being  unable  to  withstand  the  tension  to  which  they 
are  subjected  when  too  heavily  loaded. 

The  most  frequent  employment  of  the  Alclan,  Wiinsch  and 
Thacher  systems  is  found  in  the  coucrete-metal  arch.  The  Monier 
is  the  mnsl:  ilexihle  system,  and  conse'[uentlv  possesses  the  greatest 


Fig.   I.     Ransome. 

variety  of  applications.  The  Alelan,  Wiinsch  and  Hennebique 
systems  are  extensively  used  for  floors  in  Europe,  while  American 
practice  seems  to  favor  the  Monier  and  modifications  of  the  Monier 
system  and  the  expanded  metal  system. 

THE    RANSOME    SYSTEM. 

It  is  a  matter  of  special  interest  that  the  first  concrete-steel 
arch  built  in  the  United  States  was  constructed  on  the  Ransome 
system.  This  arch  is  in  Golden  Gate  Park,  San  Francisco,  Gal., 
and  was  erected  in  1889.  A  second  or  similar  design  was  erected 
in  1891.  In  this  system  the  twisted  steel  bars  are  imbedded  in  the 
concrete  arch  ring  in  pairs,  about  one  foot  G.  to  G.,  one  bar  of 
each  pair  being  near  and  parallel  to  the  intrados  and  the  other 
near  and  parallel  to  the  extrados.  The  merits  of  this  system  are 
so  generally  known  and  recognized,  and  no  doubt,  especially  so 
by  members  of  this  Society,  that  further  comment  on  it  seems 
unnecessary. 
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THE    MONIKR    SYSTEM. 

The  Monicr  system,  until  within  the  last  two  years,  was  prac- 
tically unknown  in  this  country,  but  since  1880  it  has  been  applied 
in  a  great  variet\'  of  const rucl ions  in  TCurope.  Among  these  ap- 
plications may  l)e  mentioned  gas  and  water  reservoirs,  grain  ele- 
vators, sewer  pipe,  flumes  and  cidverts,  fireproof  floors  and  arch 
bridges 

in  this  system  the  metal  consists  of  a  netting  of  two  series  of 
parallel  steel  or  iron  rods,  J  to  }  inch  in  diameter,  which  intersect 
at  right  angles  and  are  generally  si)aced  from  two  to  four  inches. 
At  the  intersections  the  rods  are  bound  together  with  wire  -jj^- 
to  J  inch  in  diameter.  In  arches  of  this  system  a  netting  is  im- 
bedded near  the  intrados  and  sometimes  a  second  one  near  the 
extrados.  In  the  tanks,  pipes,  etc.,  the  netting  is  imbedded  near 
the  center  of  the  shell. 

Xo  attempt  to  construct  an  arch  of  a  long  span  in  this  system 
was  made  until  it  had  been  well  tested  as  to  its  merits  by  the 
Austrian  Society,  and  then  one  of  striking  dimensions  was  built 
at  Wildegg,  Switzerland,  in  the  autumn  of  1890.  It  crosses  an 
industrial  canal  at  an  angle  of  45°,  and  has  a  total  span  of  122.1 
feet,  with  a  rise  of  only  11.5  feet,  less  than  a  tenth  of  the  span. 
The  bridge  is  12.8  feet  broad.  The  Monier  arch  proper  is  7.9  inches 
thick  at  the  center,  and  25.6  inches  at  the  abutments.  The  span- 
drel walls  were  likewise  constructed  on  the  Monier  principle  and 
are  connected  at  each  end  by  two  ties.  The  abutments  are  of 
concrete,  and  a  l:»acking  of  this  material  is  run  up  on  the  arch 
for  some  distance,  as  shown  in  the  cuts.  The  bridge  was  reipiired 
to  support  a  uniform  load  of  84  pounds  per  square  foot,  but  on 
completion  it  was  put  to  the  test  for  the  maximum  load  it  would 
ever  carry  as  a  highway  bridge.  The  tests  were  very  satisfactory. 
For  further  description  of  this  bridge  see  Engineering  Neivs  for 
May  2T„  1891. 

As  pointed  out  by  Mr.  Edwin  Thacher,  member  of  the  Ameri- 
can Society  of  Civil  Engineers,  in  his  paper  on  concrete-steel 
bridge  construction  in  Engineering  News,  September  21,  1899,  this 
system  has  some  practical  disadvantages.  Quoting  from  this 
paper:  "The  wire  nets  are  so  flexible  and  unruly  that  it  has  been 
found  impracticable  to  imbed  them  in  concrete  containing  coarse 
aggregates  like  gravel  and  broken  stone,  consequently  all  the 
strictly  Monier  arches  that  have  been  built  up  to  this  time  have 
been  built  with  i  to  3  mortar,  which,  as  compared  with  i  :  2-h,  :  5 
concrete,  is  weaker  and  costs  considerably  more." 
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The  theoretical  discussion  of  a  Monier  arch  or  any  other 
concrete-metal  arch  is  a  difficult  task,  on  account  of  the  different 
materials  combined,  and  it  is  not  the  purpose  of  this  paper  to  take 
up  the  subject  in  that  manner.  Discussions  may  be  found  in  the 
"Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engi- 
neers," A'ol.  CXXXIII,  page  376,  and  in  the  "Zeitschrift  des 
Oesterreichischen  Ingenieur-  mid  Architekten-Vereines,"  for  Sep- 
tember 23,  1898. 

An  excellent  descriptive  article  by  Mr.  E.  L.  Heidenreich  on 
Monier  construction  is  found  in  the  Journal  of  the  Western  Society 
of  Engineers  for  June,  1900.  Mr.  Heidenreich  enumerates  some 
of  the  wonderfully  diversified  applications  of  the   construction, 


Fig.  2.     Monier. 

among  which  are  reservoirs  for  storage  of  water,  wine,  oil,  pulp, 
grain,  cement,  etc.,  bridges  and  preservation  of  steel  in  bridges 
and  viaducts,  buildings,  floors  and  partitions,  culverts  and  flumes, 
fortifications,  etc. 

One  of  the  most  recent  applications  of  the  Monier  construc- 
tion is  the  use  of  specially  constructed  pipes  for  pile  covering,  to 
protects  the  pile  against  the  attacks  of  the  teredo  navalis,  or  cobra. 
This  method  of  protecting  piles  was  used  in  constructing  five 
timber  piers  for  a  traffic  bridge  near  Sydney,  New  South  Wales 
(each  pier  consisting  of  a  bent  of  three  piles),  and  is  described  by 
Mr.  E.  M.  De  ;Burgh,  member  of  the  Institution  of  Civil  Engi- 
neers, in  a  paper  in  the  "Proceedings  of  the  Institution  of  Civil 
Engineers."  An  extract  of  the  paper  appears  in  Engineering 
News,  February  7,  1901.     Briefly  described,  the  method  was  this: 
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After  a  pile,  liaving  been  ])reviously  coated  with  Stockholm 
tar,  liad  been  driven,  sufficient  length  of  the  pipe  to  reach  from 
below  the  silt  and  into  the  clay,  to  above  high  water,  was  slipped 
over  the  top  of  the  pile  and  sunk  to  a  proper  depth  by  means  of  a 
water  jet  being  worked  around  tlie  bottom,  and  pressure  being 
applied  at  the  top  by  means  of  screw-jacks.  Mr.  De  Burgh  is 
satisfied  that  it  will  prove  of  great  durability  and  outlast  the  pile, 
which,  being  iron-bark,  may  be  counted  on  for  a  life  of  thirty  years 
when  protected  from  the  teredo.  The  cost  is  estimated  between 
50  and  100  per  cent,  greater  than  that  of  coppering.  The  same 
paper  also  gives  an  account  and  description  of  Monier  cylinders 
being  used  for  foundations  as  a  substitute  for  the  cast  iron  cylinders 
used  largely  in  New  South  Wales.  That  concrete-metal  in  sea 
water  is  a  complete  success  is  questionable.  Experiments  on  the 
action  of  sea  water  upon  concrete-steel  show  that  electrolytic  actions 
take  place  which  cause  deterioration  of  the  steel  or  iron.  See  Ann 
des  Fonts  et  Chaussees,  Fourth  Quarter,  1899. 

THE    w'nSCH    system.  •       '    ' 

The  concrete-metal  arch  known  as  the  Wiinsch  system  was  in- 
vented by  Robert  Wiinsch,  of  Hungary,  in  1884.  In  this  system, 
arch  ribs  of  metal,  consisting  of  an  arched  lower  and  horizontal 
upper  member,  both  of  which  are  run  together  and  riveted  at  the 
crown,  are  imbedded  in  the  concrete.  The  two  members  of  the 
rib  are  connected  at  the  piers  and  abutments  by  vertical  and 
transverse  lower  members  deeply  imbedded  in  the  concrete. 

In  Fig.  4  is  shown  an  excellent  example  of  this  construction. 
It  is  the  plan  of  a  Wiinsch  arch  of  83  feet  span, — the  longest,  up 
to  date,  of  this  system, — constructed  in  1897  over  the  Miljacka 
River  at  Sarajevo.  The  chords  of  the  metal  ribs  are  made  up  of 
two  angles,  and  the  vertical  and  transverse  members  of  channels. 

When  a  Wiinsch  bridge  is  made  up  of  several  spans,  as  is  the 
case  with  the  one  constructed  near  Neuhausel,  Hungary,  the  hori- 
zontal or  upper  chords  of  the  metal  ribs  are  made  continuous 
from  one  arch  to  another.  This  bridge  had  six  arches,  of  the 
following  dimensions:  Span,  55.8  feet;  rise,  3.7  feet;  thickness 
at  the  crown,  9.8  inches;  at  the  springing  line,  54.3  inches.  The 
chords  of  the  ribs  were  made  up  of  two  3-inch  angles  spaced 
20  inches  C.  to  C.  The  entire  ironwork  weighed  88,180  pounds 
and  the  amount  of  concrete  was  1346  cubic  yards.  The  total  cost 
was  only  $13,700. 

In  building  the  arches,  after  the  centering  was  in  position, 
the  iron  members  were  put  in  place  and  the  concreting  began. 
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The  concrete  was  made  of  one  part  Portland  cement  and  six 
parts  of  sand  and  gravel  for  a  layer  of  lo  to  12  inches  thick.  The 
arch  concrete  was  carefully  rammed  in  layers  at  right  angles 
to  radial  lines,  and  especial  care  was  taken  in  ramming  the  con- 
crete that  came  below  the  arched  bottom  chords.  The  centering 
was  left  undisturbed  for  thirty  days  after  the  last  arch  had  been 
finished,  and  the  striking  of  the  centers  was  commenced  at  the 
two  center  arches.  The  bridge  was  tested  by  the  application  of 
a  uniform  load  of  82  pounds  per  square  foot  and  also  by  a  very 
heavy  live  load,  the  maximum  deflection  l)eing  0.138  inches  and 
the  set  0.031  inches.  For  further  descriptions  see  Engineering 
Nezi's,  November  16,  1893. 

The  Wiinsch  system  of  concrete-metal  arches  does  not  seem 
to  be  an  economical  design.  There  is  no  arch  ring  proper,  but 
the  entire  arch,  from  the  under  surface  to  the  pavement  of  the 
roadway,  is  a  massive  monolithic  mass  of  concrete.  There  are 
no  Ijridges  of  this  type  in  the  United  States. 


Fig.  3.     MoNiER  Arch  at  Wildegg,  Switzerland. 


THE    MELAN    SYSTEM. 

This  style  of  concrete-steel  construction  was  invented  by 
Joseph  Melan,  of  Austria,  in  1892,  and  was  patented  in  the  United 
States  the  following  year.  It  consists  of  curved  I  beams  or  lattice 
girders  imbedded  vertically  in  the  concrete  of  the  arch  ring  and 
abutments.  These  ribs  are  sometimes  connected  transversely  at 
their  ends  in  the  abutments  by  cross  angles,  and  are  sometimes 
provided  with  individual  anchor  plates.  If  the  bridge  consists  of 
several  arches,  the  ribs  in  each  arch  are,  in  some  cases,  inde- 
pendent of  those  in  adjacent  arches,  being  connected  only  by 
the  concrete,  but  in  the  large  bridge  recently  built  at  Topeka, 
Kan.,  the  ribs  were  riveted  to  a  common  plate  at  the  piers. 

The  merits  of  this  system  were  quickly  recognized  in  this 
country  as  well  as  in  Europe.  The  result  of  such  recognition  has 
been  the  erection  of' bridges  of  the  Melan  type  in  parks  where  a 
handsome  and  esthetic  design  was  desired,  and  the  displacing  of 
iron  and  steel  truss  bridges  where  permanence  was  the  quality 
desired. 
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Among  the  more  important  of  the  park  bridges  of  the  Melan 
system  constructed  up  to  date  is  the  Melan  arch  at  Eden  Park, 
Cincinnati,  designed  and  built  by  Fr.  Von  Emperger,  C.E.,  in 
1895.  This  arch  has  a  span  of  70  feet  and  a  rise  of  10  feet,  and 
carries  an  18-foot  roadway  and  two  concrete  sidewalks  of  5  feet 
each.  The  concrete  (in  the  proportion  i  :  2  :  4)  is  15  inches  thick 
at  the  crown  and  48  inches  at  the  haunches.  The  I  beams  are 
9  inches  deep,  weighing  21  pounds  per  foot,  spaced  36  inches 
apart,  and  are  supported  by  a  cross-channel  at  each  end.  As  this 
arch  is  an  excellent  example  of  the  Melan  type,  its  construction 
will  be  briefly  described. 

After  the  excavation  had  been  made  and  the  false  work 
ei-ected,  the  bent  ribs  were  laid,  splices  and  cross-angles  fastened 
and  the  concrete  in  the  abutments  started  so  as  to  inclose  the  ends 
of  the  ribs.  Then  wing  walls  and  pillars  were  built  to  train  the 
workmen,  who  were  common  laborers,  paid  at  the  rate  of  13^^ 
cents  an  hour. 

The  arch  was  built  in  two  longitudinal  halves,  each  of  them 
started  on  both  sides  and  closed  up  to  the  center  in  one  day  of 
twelve  working  hours. 

On  completion  of  the  arch  proper  and  the  removal  of  the 
boards  on  the  face  walls,  the  filling  of  the  bridge  was  put  in  and 
completed  to  the  level  of  the  coping  stone,  where  the  work  was 
stopped  for  the  winter.  In  the  spring  the  false  work  was  struck 
and  the  work  completed. 

After  the  removal  of  the  false  work  the  filling  was  compressed 
with  a  15-ton  roller,  a  very  trying  test,  as  the  filling  at  the  crown 
was  not  more  than  6  inches  thick  over  the  concrete.  See  Engineer- 
ing Xezcs,  October  3,  1895.  Other  examples  of  this  style  of  bridge 
constructed  in  parks  are: 

The  two-arch  bridge  at  Hyde  Park,  N.  Y.,  on  the  estate  of 
F.  \\  .  \'anderbilt,  designed  by  the  Melan  Arch  Construction 
Company  and  built  by  W.  T.  Hiscox  &  Co.,  both  of  New  York. 
For  description  sec  Engineering  Record  of  January  14,  1899. 

The  Franklin  bridge  in  Forest  Park,  St.  Louis,  Mo.,  which 
has  a  span  of  60  feet  and  a  rise  of  15  feet  6y\  inches.  The  ring  is 
II  inches  thick  at  the  crown,  increasing  to  30  inches  at  the  spring- 
ing line,  and  has  imbedded  therein  eleven  8-inch,  18-pound  steel  I 
beams,  spliced  at  the  crown  and  spaced  3  feet  C.  to  C. 
See  Engineering  Record,  December  10,  1898. 

The  Melan  arch  at  Stockbridge,  Mass.,  designed  and  con- 
structed by  Fr.  Von.  Emperger,  C.E.  This  is  a  7-foot  foot- 
bridge of  100  feet  span  and  10  feet  rise.    The  ring  is  9  inches 
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thick  at  the  crown  and  30  inches  at  the  haunches,  and  has  im- 
bedded four  7-inch  I  beams  spaced  28  inches  apart  and  raised  2 
inches  from  the  soffit.  See  Engineering  Nncs,  November  7,  1895. 
As  examples  of  the  ^lelan  arch  built  by  cities  for  carrying 
streets  across  rivers  may  be  mentioned  the  concrete-steel  arch 
bridge  at  Topeka,  Kan., 'across  the  Kansas  River;  the  bridge  at 
Paterson,  N.  J.,  carrying  West  street  across  the  Passaic  River; 
and  two  concrete-steel  bridges  in  Indianapolis  across  Fall  Creek 
at  Illinois  street  and  Meridian  street. 


Fig.  4.     WiiNSCH  Arch. 


The  Topeka  bridge  is  the  largest  concrete-metal  bridge  ever 
built  in  the  country.  It  was  designed  by  Keepers  &  Thacher, 
civil  engineers,  and  consists  of  five  spans, — one  125  feet,  two  iio 
feet  and  two  97^  feet, — and  carries  a  roadway  26  feet  wide  and 
two  7-foot  sidewalks.  It  replaces  an  old  six-span,  iron  truss 
structure  of  considerably  greater  length.  In  each  span  twelve 
lattice  girders  placed  3  feet  C.  to  C.  are  imbedded  in  the  concrete, 
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by  which  thi'\  arc  coniplciolV  surrounded.  See  Engineering  Nezvs, 
April,  2,  1896.  tor  lurlhcr  description. 

The  West  street  bridge  at  Paterson,  N.  J.,  consists  of  three 
arches  of  88.25  to  89  feet  clear  span,  each  arch  having  a  rise  of 
9.5  feet.  The  concrete  of  the  arcli  rings  is  15  inches  in  thickness 
at  the  crown,  gradually  increasing  to  66  inches  at  the  skew  backs 
and  imbedding  lo-inch  I  beams  weighing  25  pounds  per  foot, 
spaced  3  feet  C.  to  I".  The  bridge  was  designed  l)y  the  Alelan 
Arch  Construction  Company  and  Mr.  Edwin  Thacher,  member 
of  the  American  Society  of  Civil  Engineers,  and  is  an  example 
of  the  adaptability  of  the  concrete-steel  arch  to  locations  where 
the  voussoir  stone  arch  is  not  practical.  The  latter  would  hardly 
have  been  designed  with  a  rise  less  than  one-sixth  the  span, 
with  the  foundation  available  at  this  place,  whereas  the  bridge 
built  has  a  rise  of  only  1-9.4  of  the  span.  A  voussoir  arch  at  the 
location  would  have  given  either  objectionable  grades  on  the 
approaches,  perhaps  with  considerable  property  damages,  or 
would  have  obstructed  the  river  channel  with  several  more  piers, 
to  an  extent  prohibitory.    See  Engineering  Nezvs,  March  16,  1899. 

In  Indianapolis  the  Board  of  Public  Works,  after  considering 
the  replacing  of  many  of  the  old  iron  and  steel  bridges  by  new 
structures  of  a  more  permanent  character,  deemed  it  desirable  to 
construct  stone  bridges  across  Fall  Creek  at  Illinois  street  and 
Meridian  street  It  was  first  contemplated  to  have  these  bridges 
built  entirely  of  natural  stone,  but  in  order  to  insure  a  greater 
waterway  without  greatly  increasing  the  width  of  the  stream 
it  was  found  to  be  more  economical  to  construct  these  bridges 
on  the  Melan  system. 

Both  of  these  bridges  are  skew  bridges,  the  lines  of  the  piers 
and  abutments  making  an  angle  of  70°  with  the  street  line.  Each 
bridge  is  composed  of  three  arches  of  74  feet  span,  the  piers 
being  8  feet  wide  and  the  abutments  20  feet.  The  thickness  of 
the  arch  rings  at  the  crown  is  16  inches  and  at  the  piers  60  inches. 
Ten-inch  I  beams,  25  pounds  per  foot,  spaced  3  feet  C.  to  C,  are 
imbedded  in  the  concrete  of  the  arches.  The  beams  are  bent  at 
the  mills  to  conform  to  the  plan  of  the  arch  and  were  shipped  in 
two  sections.  After  they  had  been  placed  in  position  on  the  cen- 
tering they  were  spliced  at  the  center  by  means  of  top  and  side 
plates  and  thoroughly  riveted.  See  Municipal  Engineering  for 
February,  1901. 

A  complete  list  of  the  Melan  bridges  built  in  the  United 
States  up  to  the  vcar  1899  may  be  found  in  the  Polytechnic  for 
March,  1899. 
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THE    THACHER    SYSTEM. 

This  system  can  best  be  described  by  quoting  from  the  article 
entitled  "Concrete-Steel  Bridge  Construction,"  written  by  Mr. 
Edwin  Thacher,  member  of  the  American  Society  of  Civil  Engi- 
neers, in  the  Engineering  Nczvs,  September  21,  1899. 

"Steel  bars  in  pairs,  spaced  at  proper  distances  apart  and 
spliced  at  convenient  intervals,  are  imbedded  in  the  concrete  near 
the  outer  and  inner  surfaces  of  the  arch,  and  extend  well  into  the 
abutments  or  piers.  The  bars  of  each  pair  have  no  connection 
with  each  other,  except  through  the  concrete,  but  each  bar  is 
provided  with  projections,  preferably  rivet  heads  of  extra  height. 
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Fig.  5.     Melan  Arch. 

but  which  may  be  lugs,  dowels  or  bolts,  spaced  at  short  inter- 
vals, thereby  providing  a  mechanical  reinforcement  of  the  adhe- 
sion between  the  steel  and  the  concrete,  so  that  a  complete  crush- 
ing or  shearing  of  the  concrete  must  take  place  before  a  separa- 
tion can  be  effected.  The  bars  act  as  the  flanges  of  a  beam  to 
assist  the  concrete  in  resisting  the  thrusts  and  bending  moments 
to  which  the  arch  is  subjected.  The  shearing  stresses  are  small, 
and  the  concrete  is  amply  able  to  take  them  many  times  over." 
Continuing,  Mr.  Thacher  says:  "The  principal  advantages  which 
this  system  offers  over  those  previously  mentioned  may  be  stated 
as  follows:    It  gives  a  larger  moment  of  inertia,  and  consequently 
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greater  strength  for  the  same  amount  of  steel.  In  the  Melan 
system  i  beams  are  usually  used,  which,  if  buried  in  the  con- 
crete, are  necessarily  less  in  depth  tln\)ug-hout  than  the  depth  at 
the  crown,  and  as  the  greatest  bentling  moments  are  always  at  or 
near  the  spring,  the  use  of  I  beams  gives  the  less  strength  and 
reserve  of  strength  where  the  greatest  is  needed.  If  the  beam  is 
made  of  angles  with  lattice  connections,  as  at  Topeka,  it  is  not 
practicable  even  then  to  follow  out  the  lines  of  greatest  strength, 
as  the  beams  become  too  deep  anil  unwieldy.  A  more  reliable 
connection  is  secured  between  the  steel  and  concrete  than  in  any 
system  that  depends  on  adhesion  alone."  Mr.  Thacher  was 
granted  a  patent  on  his  design  January  10,  1899. 

Mr.  Tliacher's  paper  also  enters  into  some  of  the  details  of 
calculations  of  the  Thacher  and  Melan  systems,  which  1  will  not 
repeat  here. 

The  most  im])ortant  bridges  of  this  system  constructed  up 
to  date  are  the  new  arch  bridges  at  Niagara  l*"alls,  connecting 
the  mainland  with  Green  Island  and  the  latter  with  Goat  Island. 
The  bridge  between  the  mainland  and  Green  Island  consists  of 
three  spans,  the  two  end  spans  being  each  103^  feet  long,  with 
10  feet  rise,  while  the  center  span  has  a  length  of  no  feet  and  a 
rise  of  ii|  feet.  The  arch  ring  in  the  end  spans  is  38  inches  thick 
at  the  crown  and  70  inches  at  the  springing  line,  and  in  the 
center  span  40  inches  at  the  crown  and  76  inches  at  the  springing 
line.  Imbedded  in  the  concrete,  spaced  3  feet  C.  to  C.  and  3 
inches  from  the  intrados  and  extrados  are  pairs  of  flat  steel  bars, 
connected  vertically  by  bolts  at  intervals  of  about  32  inches.  The 
concrete  in  the  arches  between  skew  backs  is  composed  of  one 
part  Portland  cement,  two  parts  sand  and  four  parts  l)roken 
stone  or  gravel,  which  passed  through  a  i^-inch  ring,  including 
the  total  product  of  the  crusher  between  i^  inches  and  j  inch. 
For  the  foundation  abutments,  piers  and  span-drills  the  concrete 
is  made  in  the  proportion  i  :  3  :  6.  Limestone  facing  covers  the 
entire  structure,  including  the  piers  and  abutments  below  water, 
only  excepting  the  soffit  of  the  arches  between  the  ring  stones 
on  each  face  and  that  portion  of  the  abutments  buried  in  the 
banks.  In  Iniilding,  the  concrete  for  the  arches  was  started  simul- 
taneously from  both  ends  of  the  arch  and  laid  in  longitudinal 
sections  so  as  to  inclose  at  least  two  ribs. 

This  bridge  is  of  great  architectural  beauty,  and  adds  much  to 
the  appearance  of  the  state  reservation  at  this  point.  For  fur- 
ther description  see  Engineering  Xezi's.  December  6,  1900,  and 
Engineering  Record,  February  16,  1901. 
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Other  bridges  built  on  this  system  are  Hsted  by  Mr.  Thacher 
in  his  aforementioned  article  in  Engineering  News. 

THE   HENNEBIOUE    SYSTEM. 

But  little  information  is  to  be  found  respecting  this  system 
in  English  or  American  publications,  as  its  employment  in  practice 
has  been  confined  almost  entirely  to  France,  and  the  writer  has 
not  had  access  to  the  French  publication  entitled  "Revue  Tech- 
nique." ;     j:  w 

In  the  discussion  on  Monier  construction  m  the  Journal  of  the 
Western  Society  of  Engineers,  June,  1900,  the  Hennebique  system 
is  described  by  Mr.  Ralph  Modjeski,  member  of  the  Western 
Society  of  Civil  Engineers,  as  follows: 

"The  Hennebique  system,  which  is  used  very  extensively  m 
France,  has  its  principal  application  in  floors  of  buildings,  parti- 
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Fig.  6.     Thacher  Arch. 


tions,  etc.  The  rods  used  here  are  much  heavier  than  in  the 
Monier  system.  Two  or  more  of  the  rods  are  placed  lengthwise 
near  the  bottom  of  the  concrete  beam,  and  are  tied  to  the  upper 
portion  of  the  beam  and  to  the  floor  slabs  by  thin  vertical  bars." 

"Computations  for  Ribbed  Beams  of  Iron  and  Concrete  on 
the  Hennebique  System,"  a  mathematical  treatment  of  the  pro- 
portions for  concrete  girders  with  imbedded  iron  rods,  is  found 
in  the  "Zeitschreift  des  Oesterreichischen  Ingenieur-  und  Archi- 
tekten-Vereines,"  September  15,  1899. 

THE   EXPANDED    METAL   SYSTEM. 

Expanded  metal  has  also  been  successfully  applied  to  con- 
crete in  a  manner  somewhat  similar  to  the  application  of  the 
netting  of  rods  in  the  Monier  system,  both  in  floors  and  arch 
bridges,  but  principally  in  floors. 

The  use  of  expanded  metal  in  constructing  fireproof  floors, 
partitions,  etc.,  is  too  familiar  to  require  description.  Many  tests 
of  slabs  of  concrete-expanded  metal  have  been  made  in  the  last 
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tlircc  years.  The  best  literature  on  these  tests  and  the  records 
of  the  tests  themselves  are  found  in  the  paper  on  "Steel  Concrete 
Construction,"  by  Mr.  George  Hill,  associate  member  of  the 
American  Society  of  Civil  Engineers,  and  in  the  correspondence  and 
discussion  of  the  same,  in  the  "Transactions  of  the  American 
Society  of  Civil  Engineers,  June,  1898."  The  results,  tables  and 
formulas  in  ilic  paper  and  discussions  were  not  entirely  satisfactory, 
and  will  not  be  repeated  here. 

An  arch  of  21 -foot  span  and  6- foot  8-inch  rise,  built  at 
Oconomowoc,  A\'is.,  for  P.  D.  Armour,  Jr.,  designed  by  Mr.  C.  F. 
Hall,  C.E.,  has  imbedded  in  the  concrete  arch  ring  flat  rods  and 
a  sheet  of  expanded  metal  of  No.  16  gage,  2|-inch  mesh.  See 
Engineering  Ncics,  October  19,  1899. 

OTHER   SYSTEMS. 

A  floor  system  that  has  been  well  tested  experimentally  bv 
fire  and  excessive  loads  is  the  Roebling  system.  This  system 
consists  essentially  of  an  arch  of  woven  wire  netting  springing 
from  the  lower  flanges  of  the  floor  beams  and  covered  with  a 
bed  of  concrete,  which  is  leveled  up  wnth  the  upper  flanges  of  the 
beams.  The  netting  is  strengthened  by  iron  rods  at  intervals  of 
about  nine  inches  each  way,  the  wires  being  woven  around  the 
rods  so  as  to  form  one  sheet  of  netting.  See  Engineering  News, 
July  18,  1895.  The  fire  tests  are  described  in  Engineering  News, 
December  2,  1897. 

There  are  other  systems  besides  those  above  described,  but 
as  they  are  not  important  and  are  not  extensively  employed  in 
practice,  descriptions  of  them  will  be  omitted. 

THE   AUSTRIAN    SOCIETY   TESTS. 

This  paper  would  be  incomplete  without  some  mention  of 
the  tests  of  brick,  concrete,  Monier  and  Melan  arches  made  by 
the  Austrian  Society  of  Engineers.  Tests  to  destruction  were 
made  for  spans  of  4.43,  8.86,  13.3,  52.8  and  74.5  feet.  A  synopsis 
of  these  tests  is  found  in  an  article  by  Mr.  Mansfield  Merriman, 
member  of  the  American  Society  of  Civil  Engineers,  in  the 
Engineering  News,  April  9,  1896.  A  more  complete  report  ap- 
pears in  Engineering  (London),  February  21,  1896.  These  tests 
demonstrated  that  the  theory  of  elasticity  gives  the  only  solid 
foundation  for  theoretic  investigations,  since  the  deformations 
were  practically  proportional  to  the  stress  in  all  cases  where  the 
elastic  limits  were  not  exceeded. 

[15] 
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MISCELLANEOUS    APPLICATIONS. 

A  factory  building.  A  large  monolithic  factory  building  for 
the  Pacific  Coast  Borax  Company  at  Constable  Hook,  Bayonne, 
X.  J.,  was  designed  and  constructed  by  Mr.  E.  L.  Ransome  in 
1898.  The  structure  is  built  entirely  of  concrete  reinforced  by 
steel  rods.  The  design  embraced  the  construction  of  solid  con- 
crete floors,  supported  on  reinforced  concrete  beams  and  joists 
and  carried  by  hollow  concrete  walls  and  solid  concrete  columns 
and  l)eam-piers  in  the  hollow  concrete  walls.  The  Ransome  sys- 
tem is  employed  throughout.  See  Engineering  Record,  July  30 
and  August  20,  1898. 

Retaining  walls.  Concrete  retaining  walls  reinforced  by  im- 
bedded steel  of  different  forms  have  been  designed  and  built. 
(  )ne  employing  the  Hennebique  system  was  constructed  at  the 
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Fig.  7.     Hennebique. 

I'aris  Exposition  of  1900.  See  Engineering  Nezi^'s,  February  15, 
1900. 

In  making  excavations  for  tall  office  buildings,  retaining 
walls  have  been  constructed  of  concrete  reinforced  by  horizontal 
trusses  of  heavy  lattice  girders  serving  to  give  the  wall  strength 
against  flexure  and  transmit  the  pressure  to  the  ends  of  the 
longitudinal  walls  upon  which  the\-  abutted.  See  Engineeri)ig 
Record,  June  18,  1898. 

-A  concrete-steel  retaining  wall  was  built  in  Columbus,  Ohio, 
in  11)00,  by  Mr.  1^".  A.  Bone,  engineer  of  the  Oregonia  Bridge 
Cnmpauy,  (  )regonia.  ( )hio.  His  construction  employs  the  prin- 
ci])le  on  which  a  tree  depends  for  its  stability.  "The  tensile 
strains  at  the  back  of  the  wall  are  transmitted  by  the  metal  to 
the  concrete  base,  which  is  loaded  by  the  earth  and  thus  held  down 
like  the  roots  of  a  tree."  See  Engineering  Record,  November  10, 
1900. 

Roof  of  covered  reservoirs.  A  new  25,000,000-gallon  covered 
resersoir  now  under  construction  for  the  Eouisville  Water  Com- 
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pany  has  a  roof  made  up  of  groined  concrete-metal  arches,  the 
reinforcement  consisting  of  the  steel  bars  of  the  Thacher  system. 
The  arches  are  supported  by  the  division  walls  and  concrete 
pillars.  The  spans  are  approximately  19  feet  with  a  rise  of  3.8 
feet,  and  the  concrete  is  6  inches  thick  at  the  crown  and  36  inches 
at  the  sj^ringing  lino  in  radial  lines,  and  are  constructed  of  Port- 
land comoni  1:2:4  concrete.  See  Engineering  Neivs,  January 
10,  19UI. 

Concrete-steel  ties.  Steel  and  concrete  ties  have  been  tried 
experimentally  by  the  Pennsylvania  Railroad  in  Chicago  in  one 
of  the  main  tracks.  They  were  in  the  track  ten  months  and  were 
then  removed  because  of  the  failure  of  the  device  locking  the  rail 
to  the  tic,  although  10  out  of  the  total  30  had  cracked  at  the 
end  of  seven  months.  The  tie  was  patented  by  Mr.  C.  C.  Harrel, 
of  Chicago,  but  afterward  modified  by  Mr.  J.  J.  Harrell,  of  Wil- 
mington, Del.  As  described  in  the  Engineering  Nczvs  of  January 
10,  1 901,  it  is  as  follows:  "The  design  is  a  combination  of  two 
channel  bars,  seven  feet  long,  forming  the  top  and  bottom  of  the 
tie,  separated  by  distance  pieces,  and  braced  under  the  rail  seats 
by  vertical  and  inclined  struts  between  the  bars.  A  short  piece 
of  channel  iron  forms  the  rail  seat,  and  through  this  pass  the 
anchor  bolts,  the  heads  of  which  are  under  the  lower  channel  bar. 
The  whole  structure  is  imbedded  in  concrete,  with  the  exception 
of  the  rail  seat.  The  rail  rests  on  a  shim  or  packing  plate  and  is 
secured  by  bolted  clamps,  filling  the  rail  base  and  the  edge  of  the 
channel.  The  complete  tie  is  7  feet  8  inches  long,  8  inches  thick, 
5  inches  wide  at  the  top  and  8  inches  at  the  bottom,  the  weight 
being  about  300  pounds." 

The  cost  of  the  ties  used  was  about  $8  each,  but  it  is  believed 
that  the  cost  will  be  less  than  $1  each,  if  made  m  any  quantity. 

COMPARATIVE    CO.ST   OF    CONCRETE-STEEL    BRIDGES. 

In  bidding  on  a  bridge  for  Junction  Hollow,  Shenley  Park, 
Pittsburg,  Pa.,  Keepers  &  Thacher  bid  on  a  Melan  arch  having 
a  clear  span  of  300  feet  with  a  rise  of  66  feet  2  inches,  flanked  by 
70-foot  and  61-foot  spans,  and  having  a  width  of  80  feet  between 
parapets.  This  bridge  was  590  feet  long  and  covered  47,200 
square  feet  in  clear  between  stone  parapets,  erected  and  paved 
complete,  ready  for  traffic,  and  their  bid  was  about  $7  per  square 
foot,  only  a  trifle  more  than  was  paid  for  the  steel  arch  which 
was  accepted  and  built. 

In  St.  Louis  the  Council,  having  appropriated  $5500  for  con- 
structing an  arch  bridge  in  Forest  Park,  Mr.  John  Dean,  the 
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Engineer  of  the  Park  Department,  prepared  a  plan  for  a  concrete 
arch  bridge  of  60  feet  span.  Fearing  that  the  appropriation  was 
insufificient  to  provide  for  the  structure  as  designed,  the  design 
was  sent  to  the  Melan  Arch  Construction  Company,  of  New 
York.  This  company  appHed  its  system  to  Mr.  Dean's  design, 
inserting  steel  I  beams  in  the  ring  and  reducing  the  thickness 
of  the  concrete.  The  contract  was  then  awarded  for  the  work 
complete,  exclusive  of  the  roadway  and  sidewalk  pavements,  at 
a  price  several  hundred  dollars  less  than  the  appropriation. 

A  very  important  feature  of  the  cost  of  concrete-steel  bridges 
is  that  their  first  cost  is  their  only  cost, — a  great  advantage  over 
the  steel  bridges,  which  invariably  require  a  constant  outlay  of 
money  for  maintenance  and  depreciation. 

In  conclusion,  while  I  realize  that  this  paper  has  nothing 
new  to  offer  to  the  engineering  public  by  collecting  and  putting 
together  the  above  data  and  information,  it  has  been  my  aim  to 
make  something  that  will  be  of  utility  to  any  one  desiring  a  gen- 
eral knowledge  of  concrete-metal  construction.  Considering  the 
great  progress  in  concrete-metal  construction  and  its  present 
popularity,  its  future  seems  very  promising.  Mr.  George  S.  Mor- 
ison,  member  of  the  American  Society  of  Civil  Engineers,  is 
quoted  as  saying:  'T  fully  believe  that  we  are  now  only  at  the 
beginning  of  concrete  construction,  and  that,  if  the  results  which 
we  hope  for  can  be  attained,  with  concrete  structures  with  metal 
structures  inside,  the  time  will  come  when  this  will  be  the  one 
method  of  building." 
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THK   STKEL  SKELKTON    CONSTIll  (TION    OT   A  TALI. 
Oil  l<  E    15riLI>IX<;. 


Bv  J.  S.  Branne,  Assoc.  Mem.  A.  S.  C.  E. ;  Member  op  the  Engineers' 

Ci.UB  OF  St.  Louis. 


[Read  before  the  Club,  November  7,  1900.*] 

Tin-:  tall,  skeleton  construction  biiildini^  orig-inated  when  the 
motlern  city  t^rew  very  large,  so  that  the  price  of  land  in  the  busi- 
ness heart  of  the  cil\'  became  very  hig^h,  and  in  some  cases  the 
land  to  be  had  was  limited.  Not  being  able  to  expand  the  build- 
ing horizontally,  it  became  necessary  to  increase  the  number  of 
stories.  Up  to  seven  or  eight  stories,  stone  or  brick  walls  were 
used  ;  hut  when  it  became  necessary  to  put  up  a  building  of,  let  us 
say,  fifteen  stories,  it  was  found  very  expensive  to  make  such  walls 
•of  sufficient  thickness  to  sustain  the  superincumbent  load ;  and  the 
thick  walls  occupied  too  much  space.  Iron,  being  capable  of  sus- 
taining a  much  greater  load  per  square  inch  than  stone  or  brick, 
was  then  introduced  as  columns,  either  cast  or  wrought,  carrying 
the  floor  loads,  and  relieving  the  walls.  Afterward  a  system  of 
wall  girders  was  introduced  at  each  floor,  to  carry  the  story  height 
-of  stone  or  brickwork,  making  each  story  self-supporting  and  carry- 
ing the  entire  load,  through  the  columns,  to  the  footings  or  founda- 
tions. The  walls  in  all  the  stories  could  now  be  made  of  the  mini- 
mum thickness,  giving  the  maximum  floor  space  for  each  storv. 
The  footings  for  the  columns  were  at  first  made  of  stone  or  brick 
masonry  resting  on  the  soil,  where  this  was  solid ;  and  on  piles, 
where  soft  soil  or  even  quicksand  was  encountered.  Gradually 
the  stone  or  brick  masonry  in  the  footing  disappeared,  giving  way 
to  steel  and  concrete,  developing  into  our  present-day  grillage  foot- 
ings, of  various  kinds  to  suit  various  conditions.  As  the  skeleton 
constructions  grew  taller,  and  the  wall  thicknesses  decreased,  mak- 
ing the  entire  structure  lighter,  the  attention  of  architects  and  en- 
gineers was  called  to  the  necessity  of  giving  stability  against  the 
overturning  tendency  of  wind.  This  has  been  found  to  be  a  diffi- 
cult matter.  It  is  sometimes  accomplished  by  rod-bracing,  where 
this  is  permissible ;  in  other  cases,  by  horizontal  girder  construction 
and  knee-braces ;  and  sometimes  by  regular  portal  construction  be- 
tween adjoining  columns.  At  present  the  use  of  iron  in  tall 
building  construction  has  almost  disappeared,  giving  way  to  steel, 
which  now  combines  cheapness  and  strength. 

*Manuscript  received  December   12,    1900. — Secretary,  Ass'n  of  Eng.   Socs. 
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The  usefulness  of  the  tall  office  building  is  apparent  to  alL 
The  business  or  professional  man  on  the  ground  floor  can  easily 
and  quickly  reach  the  one  in  tenth  or  twentieth  story ;  offices  can  be 
had  in  the  most  desirable  locations  of  the  city  at  comparatively 
low  rent.  Very  often  certain  trades  or  professions  flock  to  certain 
buildings,  where  those  engaged  in  them  can  easily  reach  each; 
other  for  consultation. 

We  now  proceed  to  illustrate  the  steel  skeleton  construction  of 
high  office  buildings ;  how  the  steel  work  is  planned,  for  a  certain 
width,  length  and  height  of  a  building,  and,  for  a  certain  lay-out 
of  the  buildings,  to  suit  the  purposes  and  ideas  of  the  owner  and 
architect,  so  as  to  combine  strength  and  economy. 

Under  economy  it  is  well  to  note  that  quite  often  the  problem  is 
of  such  a  character  that  a  theoretical  economy  of  steel  cannot  be 
obtained.     For  instance,  the  columns  must  stand  at  certain  places  to 
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suit  the  interior  space  arrangement  of  the  building,  or  the  irregu- 
larities of  the  lot  and  the  surroundings.  Thus  more  restrictions 
are  laid  upon  the  structural  engineer  than  upon  the  bridge  engineer, 
who  can,  generally  may,  consult  only  economy  in  determining  the 
depth  of  truss  or  girder,  the  section  of  the  various  members  and 
the  spacing  of  towers  or  bents  in  viaducts.  To  the  structural  en- 
gineer many  of  these  features  are  laid  down  in  advance;  even  to 
the  depth  of  the  floor  beams,  where  a  few  inches  in  each  floor 
amount  to  something  considerable  in  a  building  of  several  stories. 

In  the  following  paper  a  certain  size  of  building  has  been 
chosen  and  the  steel  work  for  it  has  been  determined.  By  thus 
referring  to  a  definite  set  of  plans  and  elevations,  each  class  of 
work  treated  can  be  clearly  itemized.  Fig.  A,  Plate  i,  shows 
the  front  elevation  of  the  building  adopted  for  this  paper.  Tlie 
lot  is  50  X  100  feet,  and  the  building  is  16  stories  high  in  front 
and  13  stories  in  rear.  The  basement  is  12  feet  deep  in  front  and  15 
feet  in  rear,  where  the  heating  and  lighting  apparatus  and  the  eleva- 
tor plant  are  placed.     The  first  story  is  17  feet  high,  and  all  the 
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other  stories  12  feet  liis'h,  from  floor  line  to  floor  line.  AH  the  cur- 
tain walls  (outside  walls  in  building")  are  13  inches  thick,  and  in- 
side partitions  4  inches  thick,  built  either  of  hollow  tile  or  expanded 
metal  furring  on  vertical  channel  studding,  plastered  on  both  sides. 
The  floor  is  of  concrete,  of  which  several  excellent  styles  are  on  the 
market.  No  shelf  angles  will  be  required  on  the  webs  of  the  floor 
beams,  as  the  concrete  will  be  built  up  from  the  flange  of  the  beam 
to  the  springing  line  of  the  arch ;  and  whatever  ties  are  needed  to 
keep  the  floor  beams  from  spreading  are  imbedded  in  the  concrete 
arch.  (See  Fig.  i.)  Expanded  metal  ceilings,  heavily  plastered, 
suspended  from  light  channels,  rest  on  the  bottom  flange  of  the 
floor  beams. 

All  deep  floor  girders  and  all  interior  columns  (the  wall  col- 
imms  have  a  brick  inclosure)  are  protected  by  fire-clay  tile,  or  other 
arrangement  to  keep  ofif  the  flames  in  case  of  fire.  The  steel  work 
in  the  foundations  will  have  three  or  four  coats  of  paint  and  then 
be  bedded  completely  in  cement  to  prevent  rusting. 

The  following  dead  and  live  loads  have  been  used : 


Pkr  Squark:  Foot. 

NuMBKR  oi'-  Floor. 

Live  load. 

Dead  load. 

Calculate 
Beams  for 

Calculate 
Girders  for 

Roof 

30  lbs. 

60     " 

60     " 

100     " 

150     " 

50  lbs. 

75    " 

90  " 
90   " 
50  " 

80  lbs.                 7/1  lbs. 

Sixteenth  floor  to  third  floor 
Second  floor 

135     " 

150    " 
190    " 
200    " 

123    " 
138    " 
170    " 
170    " 

First  floor 

.Sidewalk 

The  following  unit  stresses  have  been  used : 

Bearing  on  soil,  due  to  dead  load,  2  tons  per  square  foot. 
Bearing  on  soil,  due  to  live  load,  5  tons  per  square  foot. 

Rolled  beams,  tension  or  compression  flange,  16,000  pounds 
per  square  inch. 

Built  girders  (plates  and  angles),  tension  flange,  13,000 
])Ounds  per  square  inch ;  compression  flange  same  as  tension  flange. 
Shear  across  web,  7500  pounds  per  square  inch. 

Z-bar  columns,  12  feet  long,  compression  12,000  pounds  per 
square  inch  for  concentric  and  eccentric  loads. 

Z-bar  columns,  15  and  17  feet  long,  12,000  pounds  concentric 
and  10,000  pounds  eccentric. 

Shop  rivets,  10,000  pounds  shear  and  20,000  pounds  bearing. 

Field  rivets,  7500  pounds  shear  and  13.000  pounds  bearing. 

Brickwork  assumed  to  weigh  125  pounds  per  cubic  foot. 
For  wind  load  allow  33  per  cent,  higher  values  for  columns  and  50 
per  cent,  higher  values  for  wind-bracing  girders. 
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The  steel  work  for  this  building  is  divided  into  several  classes, 
each  of  which,  so  far  as  possible,  will  be  treated  separately. 

1.  Foundations. 

2.  Floors. 

3.  Columns. 

4.  Wind  bracing. 

5.  Typical  details. 

I.       FOUNDATIONS. 

Fig.  C,  Plate  i,  shows  the  general  arrangement  of  foundation 
grillage  beams  under  columns  marked  No.  i  to  No.  30,  inclusive. 
Before  determining  the  size  of  any  footing,  the  soil  should  be 
tested  by  digging  or  drilling  to  a  depth  of  20  feet  below  the  deep- 
est point  of  the  proposed  foundation.  If,  unfortunately,  quicksand 
or  soft  soil  is  met  with,  piles  must  be  driven.  Old  wells,  in  other- 
wise good  soil,  can  be  filled  with  broken  stone  and  concrete  well 
tamped.  In  the  present  paper  the  assumption  is  that  good,  solid 
soil  was  found,  capable  of  resisting  a  dead  load  (weight  of  steel 
work,  floors  and  walls)  of  2  tons  per  square  foot,  without  appreci- 
able settlement.  In  this  case  the  only  obstacle  was  that  the  owners 
of  adjoining  buildings  would  not  allow  their  walls  to  be  under- 
pinned, so  that  the  footings  for  the  wall  columns  of  this  building 
could  be  built  partly  on  the  other  side  of  the  lot  line.  This  neces- 
sitated the  introduction  of  cantilever  girders  between  the  following 
columns : 

I  to  4  13  to  14  19  to  20 

2"5  i5"i6  21"  22 

3  "  6  17  "    18  23  "  24 

In  determining  the  size  of  a  footing,  the  influence  of  the  dead 

load,  always  present,  and  that  of  the  live  load,  variable  in  general 

and  again  variable  as  to  wall  columns  and  interior  columns,  should 

be  considered  separately.     For  example : 

Column  No.  2. 

T-^      ,  ,      ■,  )  Total,   2q8  tons  ;   at  2  tons   per  square 

Dead  load  =  244  tons  ,  ,  .        .,,      . 

T  .      ,      ,  >      foot,   this   will    give    149  square   feet 

Live  load  =  S4  tons        (        ,  .        ,  ,       .      f 
)        (size  of  footing). 

Live  load  removed,  pressure  per  square  foot  will  be  244  -h  149 
=  1.64  tons,  a  decrease  of  18  per  cent. 

Column  No.  11. 

T-.     J  1      ,  ^         ^  Total,   406  tons ;   at  2   tons   per  square 

Dead  load  =  295  tons  ,  

T  .       1      J  ,  V      foot,   this  will    give    203    square    feet 

Live  load  =111  tons     (        ,  .        ,  ,       .      . 
j        (size  of  footing). 
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Live  load  removed,  pressure  per  square  foot  will  be  295  -h  203 
=  1.45  tons,  a  decrease  of  223/2  per  cent. 

Clearly,  in  the  long  run,  column  No.  2  will  settle  more  than 
column  No.  11. 

The  writer  proposes  to  give  different  values  for  live  and  for 
dead  loads.  In  this  case  2  tons  have  been  used  for  dead  loads  and 
5  tons  for  live  loads. 

Column  No.  2  will  then  have  244  -4-  2  -f  54  -^  5  =  about  133 
square  feet  (size  of  footing)  ;  per  square  foot  2.24  tons. 

Live  load  removed,  pressure  per  square  foot  will  be  244  -;-  133 
=  1.83  tons,  a  decrease  of  18  per  cent. 

Cohimn  Xo.  11  will  then  have  295  -^2+  111-^5  =  about 
170  square  feet  (size  of  footing)  ;  per  square  foot  2.39  tons. 

Live  load  removed,  pressure  per  square  foot  will  be  295  -h  170 
=  1.75  tons,  a  decrease  of  27  per  cent. 

Grouping  the  results  in  tabular  form,  we  have : 

DiiAU  AM)  Live  Loads  at  2  Tons  per  Square  Foot. 


CoUiinii 
Number. 

Pressure  per  Square  Foot, 

due  to  Dead  and  Live 

Loads. 

Pressure  per  Square  Foot, 
due  to  Dead  Loads  only. 

Difference  in  Pressure. 

2 
II 

2  tons 
2     " 

1.64  tons 
1.45     " 

0. 19  tons 

Dead  Loads  at  2  Tons,  Live  Loads  at  5  Tons  per  Square  Foot. 


^„i „    I  Pressure  per  Square  Foot, 

v9.?.lT!"  due  to  Dead  Ind  Live 


Number. 


Loads. 


2.24  tons 
2.39     " 


Pressure  per  Square  Foot,      _,._  .     „_  „„.,,„ 

due  to  Dead  Loads  only.  1     Difference  in  Pressure. 


1.83  tons 
1.75     " 


0.15  or 
0.08 


The  maximum  difference  in  pressure  on  soil,  due  to  two  differ- 
ent columns  at  one  and  the  same  time,  evidently  occurs  when  the 
dead  and  live  loads  are  treated  alike,  and  when  only  the  dead  loads 
act.  Where  different  allowances  are  made  for  dead  and  for  live 
loads,  there  is  less  difference  between  the  pressures  on  the  soil, 
caused  by  two  columns  at  the  same  time. 

It  has  been  urged  by  some  engineers  that  it  would  be  more 
reasonable  to  consider  dead  loads  only,  and  to  figure  so  low  a  pres- 
sure per  square  foot  of  soil  that  the  added  live  load  would  but 
slightly  increase  the  pressure,  thus  reducing  the  diff'erences  between 
the  pressures  exerted  by  various  columns  at  the  same  time. 

As  a  general  rule,  the  pressures  exerted  by  interior  columns 
fluctuate  more  than  those  of  wall  columns,  the  latter  having  to 
carrv  the  constant  wall  load  in  addition  to  the  concrete  floors; 


I30  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

whilst  the  interior  columns  carry  only  the  concrete  floors,  and  are 
therefore  more  greatly  affected  by  the  live  load. 

Example  i.     Footing  Under  Column  No.  ii. 
Dead  load  =  295  tons  ;  295  -f-  2  =  148  (         Total.  170. 

Live  load  ^  iii  tons;  111-^5=    22  (about)  \      (Square   feet.) 

Pier  outline  13  feet  by  13  feet. 

Beams  in  lower  layer  are  placed  20  inches  apart,  requiring  9 
9-inch  beams,  21  pounds  per  foot,  12  feet  6  inches  long. 

Beams  in  middle  layer  are  placed  15  inches  apart,  requiring  7 
18-inch  beams,  55  pounds  per  foot,  13  feet  4  inches  long. 

Beams  in  top  layer  are  placed  9  inches  apart,  requiring  3  20- 
inch  beams,  65  pounds  per  foot,  7  feet  6  inches  long. 

These  beams  are  figured  by  finding  out  how  much  pressure  per 
lineal  foot  comes  on  each,  by  dividing  the  column  load  by  the  num- 
ber of  lineal  feet  in  each  layer.  One  end  is  fixed,  the  other  end 
is  free  and  the  load  is  uniform.  The  beams  are  held  together  by 
34-inch  round  tie  rods,  and  properly  spaced  by  gas  pipe  separators. 
The  concrete  should  completely  fill  the  spaces  between  the  beams, 
and  surround  them  at  least  6  inches  beyond  their  extreme  ends,  to 
prevent  rusting. 

Example  2.     Footing  Under  Columns  2  and  5. 

This  is  a  case  where,  if  the  footing  under  column  No.  2  were 
placed  symmetrically,  it  would  extend  under  the  neighbor's  wall ; 
but,  as  this  is  not  permitted,  a  cantilever  girder  has  been  placed, 
reaching  from  column  No.  2  to  column  No.  5,  as  shown  on  plan 
No.  3. 

The  loads  from  column  No.  2  are  as  follows: 

Dead  load,  244  tons  ;  live  load,  54  tons ;  total,  298  tons.  Plac- 
ing the  center  of  bearing  of  footing  No.  2  5  feet  from  lot  line,  we 
have : 

298  X  19  =  V  X  14;  V=  404  (tons),  where  V  =:  the  reac- 
tion at  footing  No.  2. 

298  X  5  =  Vj  X  14;  Vi  =  106  (tons),  where  V-^  =  the  reac- 
tion at  column  No.  5. 

Further  considering  footing  No.  2,  we  have : 

Pressure  to  provide  for  404  tons,  of  which  330  tons  are  due  to 
dead  load  and  74  tons  are  due  to  live  load. 

330  -7-  2  —  I   5  I  ^o\?A,  180  square  feet. 

74^5=    15  (about)  S 

We  find,  according  to  plan,  a  lower  layer  of  7  beams,  12-inch, 
31^  pounds ;  a  middle  layer  of  7  beams,  15-inch,  42  pounds,  and  a 
top  layer  of  4  beams,  20-inch,  65  pounds. 
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Further  considcriiif;;'  footing'  No.  5,  we  have : 

CoUimn  load.  279  tons.  Subtracting  the  upward  reaction 
{produced  by  cohuun  No.  2)  ■=:  106  tons,  we  have  only  to  provide 
for  173  tons,  of  which  120  tons  are  dead  load  and  53  tons  live  load. 
120  -f-  2  =  60 :  53  -f-  5  =:  II  about.  Total,  71  square  feet.  We 
find,  according-  to  plan,  a  lower  layer  of  7  beams,  9-inch,  21  pounds, 
7  feet  long,  and  an  upper  layer  of  4  beams,  15-inch,  42  pounds,  10 
feet  long-. 

Note  that  the  "live  load"  referred  to  in  this  class  (i)  includes 
75  per  cent,  of  the  reactions  produced  in  the  columns  by  the  wind 
pressure  on  the  buiUling  (see  Class  4).  This  ratio  corresponds  to 
the  one  used  in  proportioning  the  columns  (see  Class  3). 

Cantilever  Box-Girder. 

This  girder  rests  on  footing  No.  2  and  footing  No.  5,  and 
transmits  the  load  at  column  No.  2  to  these  two  footings.  The 
girder  is  made  of  2  48-inch  web  plates,  3  24-inch  cover  plates  on 
top  and  3  on  bottom,  and  24-inch  end  cover  plates,  forming  a  com- 
plete box.  At  the  points  of  loading,  diaphragms  are  introduced  for 
the  sake  of  stiffness  (see  plan,  elevation  and  section  of  girder,  2-5, 
Fig.  D,  Plate  i).  It  will  be  seen  that  the  maximum  bending  mo- 
ment occurs  at  the  center  of  footing  No.  2 ;  that  the  shears  are  con- 
stant from  column  No.  2  to  footing  No.  2  and  from  column  No.  5 
to  footing  No.  2.  • 

The  cantilever  is  a  very  expensive  feature  of  the  building  and 
should  be  avoided ;  and  every  effort  should  be  made  to  obtain  per- 
mission to  underpin  and  build  individual  footings  under  adjacent 
walls. 

2.       FLOORS. 

The  construction  of  the  several  floors  and  for  the  roof  at  13th 
floor  level,  and  that  of  the  roof  over  the  i6th  story,  are  shown  on 
plans,  while  the  "architect's  plans,"  or  those  of  the  various  floors, 
showing  the  arrangements  of  walls,  windows  and  doors,  stairways, 
elevators,  etc.,  are  shown  on  plans.  The  most  important  floor  is 
the  "typical  office  floor,"  Fig.  F,  Plate  II,  there  being  10  such  in 
this  building, — viz,  the  3d  to  the  12th  floor,  inclusively.  As  noted, 
the  loads  assumed  were  as  follows: 


Lire  load,  60  lbs.  per 

scjuare  foot. 
Dead   load,    75    lbs. 

per  square  foot. 


Beams  figured  for 
135  lbs.  per  s(|uare 
foot. 


Girders  (carriers 
supporting  two  or 
m  ore  beams). 
Dead  load  +  80 
per  cent,  of  live 
load  =  123  lbs. 
per  square  foot. 
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The  wall  girders  carry  the  floor  loads  plus  the  wall  loads,  and 
the  latter  are  assumed  at  125  pounds  per  superficial  square  foot, 
'ihe  walls  are  13  niches  thick.  The  walls,  being  cut  up  by  windows^ 
use  75  per  cent,  of  a  solid  wall  contained  in  panel  over  wall  girder. 
In  the  case  of  the  back  w'all.  where  there  are  few  or  no  windows, 
use  the  entire  wall,  as  though  solid.  Figure  walls,  on  this  basis,  as 
uniformly  loading  the  wall  girders. 

As  to  live  loads,  taken  at  60  pounds  per  square  foot,  these  con- 
sist of  office  furniture  of  various  kinds,  and  human  loads.  Re- 
garding the  latter.  Professor  Burr,  in  his  treatise  on  bridge  and 
roof  trusses,  states  that  on  a  highway  bridge  a  dense  crowd  of 
people  will  produce  a  load  of  85  pounds  per  square  foot.  The  late 
Mr.  Hatfield,  of  New  York  city,  found  by  experiment  that  it  was 
hardly  possible  to  exceed  70  pounds  per  square  foot.  Professor 
Merriman  says  that  for  highway  bridges  anywhere  from  70  to  100 
pounds  per  square  foot  may  be  taken.  In  an  office  building  such  a 
crowd  can  hardly  be  placed  on  each  and  every  square  foot.  Con- 
sidering desks,  chairs,  etc.,  it  is  the  writer's  opinion  that  60  pounds 
are  quite  sufficient. 

As  to  dead  loads,  we  have  a  concrete  arch  of  an  average  thick- 
ness of  4  inches,  a  filling  between  nailing  strips  of  i  inch,  a  plastered 
ceiling  i  inch  thick;  total,  6  inches,  of  an  average  weight  of  80 
pounds  per  cubic  foot,  or  40  pounds  per  square  foot.  Add  to  this 
nailing  strips  and  flooring  (J^  inch  thick),  weighing  10  pounds 
per  square  foot.  The  weight  of  the  partitions,  in  a  12-foot  story, 
divided  into  offices  as  noted  on  plan  No.  ii,  amounts  to  15  pounds 
per  square  foot  of  floor.  The  weight  of  steel  construction,  10 
pounds  per  square  foot  of  floor. 

SUMMARY. 

Concrete  floor  and  plastered  ceiling 40  lbs.  per  square  foot. 

Nailing  strips  and  flooring 10 

Partitions 15 

Steel  construction 10 


Total 75  lbs.  per  square  foot. 

The  assumption  that  the  girders,  in  the  sense  used  here,  are 
safe  at  80  per  cent,  live  load  presupposes  that  all  the  beams  fram- 
ing into  the  girders  have  not  their  full  live  loads  at  the  same  time. 

Considering  a  typical  panel,  as,  for  instance,  that  between 
columns  Nos.  5,  6,  9  and  8,  it  will  be  found  by  trial  that  the  most 
economical  system  requires  lo-foot  arches  as  shown  on  Fig.  E, 
Plate  II.     This  gives  12-inch,  31^/2  pounds  floor  beams,  and  15- 
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COLUMN  SCHEDULE,  IN  INCHES. 
Number  of  Column. 


J.  S.  Branne,  Construction  of  Tall  office  Buildings. 
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iiicli.  60  pounds  floor  girders.  An  1 8-inch,  55  pounds  beam  would 
!ic  ef|ually  clica]),  and  stifl'cr.  but  its  use  would  involve  the  loss  of  3 
inches  of  head  room,  amounting-  to  3  or  4  feet  in  the  entire  building. 
In  designing  floor  beams  and  girders,  the  deflection  must  be  taken 
into  account.  If  the  deflection  amounts  to  more  than  .;^\„  of  the 
span,  it  is  apt  to  crack  a  plastered  ceiling.  However,  it  must  also 
be  remembered  that,  when  plaster  is  applied,  all  the  dead  load  is 
already  in  place,  and  has  produced  its  deflection,  so  that  we  have 
to  consider  only  the  deflection  due  to  the  live  loads.  The  deflection 
of  a  symmetrical  shape,  for  example,  a  beam,  is 

c;Wf 
For  uniform  loading    — -^— ^-r— 
384.  E.I 

Pf 
For  loading  concentrated  „  ^-ri — 

48. E.I 

at  center,  where 

W  =  total  uniformly  distributed  load  in  pounds. 

P  =:  total  concentrated  load  in  pounds. 

1  =  length  of  beam  in  inches. 

E  :=  modulus  of  elasticity  (for  medium  steel  E  =  29,000,000 
pounds). 

I  =  moment  of  inertia. 

If  W  =  2P  (equal  maximum  bending  moments),  the  deflec- 
tion under  the  concentrated  load  is  only  80  per  cent,  of  that  under 
the  uniform  load. 

The  wall  girder  (6-9)  will  be  made  of  an  18-inch,  55  pounds 
beam  and  a  12  x  y%-inch  plate  riveted  to  its  top  flange,  giving  a 
good  bearing  for  the  13-inch  wall.  This  plate  should  be  riveted 
to  the  beam,  thereby  increasing  its  inertia.  In  the  case  of  another 
wall  girder  (20-24),  in  addition  to  the  top  plate,  a  bottom  plate  is 
riveted  on,  over  hall  the  length  of  the  beam.  This  effects  a  saving 
in  material ;  as.  by  merely  giving  the  12  x  yV-irich  top  plate  bolts  to 
hold  it  in  position,  a  20-inch,  650  pounds  beam  would  be  required ; 
and  coming  under  the  same  price  classification  (fitted  beams). 
(See  Figs.  2  and  3.) 

Beams  at  stair  landings  are  figured  as  though  the  stairs  were 
fully  loaded.  Beams  at  elevator  openings  are  strong  enough  to 
carry  the  regular  floor  loads,  and,  in  addition,  a  slight  weight  due  to 
the  elevator  inclosures,  guides,  etc. 

It  will  be  noted  that  the  transverse  beams  between  columns 
are  built  of  plates  and  angles,  serving  at  the  same  time  as  wind- 
bracing  girders,  under  which  class  they  will  be  treated  later  on. 

Whatever  has  been  said  about  the  typical  office  floor  refers, 
with  slight  variations,  to  all  other  floors. 
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The  first  floor  is  figured  for  a  live  load  of  loo  pounds  per 
square  foot,  and  a  dead  load  of  90  pounds  per  square  foot.  This 
increase  of  live  load,  as  compared  with  typical  office  floor,  is  due 
to  the  fact  that  more  persons  are  liable  to  congregate  on  a  floor 
devoted  to  store  purposes  than  on  an  office  floor.  Add  to  this  the 
sometimes  heavy  loading  of  dry  goods,  counters,  etc. 

The  increase  in  dead  load  is  due  to  an  extra  heavy  flooring  for 
store  room.  The  beams  in  the  sidewalk  are  figured  for  200  pounds 
per  square  foot,  dead  and  live  loads. 

The  second  floor  is  figured  for  a  live  load  of  60  pounds  per 
square  foot,  and  a  dead  load  of  90  pounds  per  square  foot,  due  to 
a  marlile  ceiling  over  the  first  story.  It  will  be  noticed  that  the 
light  court  commences  here,  taking  in  the  space  between  columns 
Nos.  4,  14,  13,  25  on  one  side  and  6,  15,  16,  28  on  the  other. 


-1;}-Uall- 


Pliite  ricrtti'il  to  beam 
Rivets  flitftcni'il  to 


^^^  iitVCtS  flltftl-til'll  to 

,^'-'//    \  y^ve  better  lK(tri  liff 
^//      j  jov  teall.s. 


T?l 


(WuU,  rfird 


^ 


1-i    I 


{n'all 


^o'j^oiA^^   F«i/.  2 


Vhite  ricetted  to 
bell  III, 


Riv.  flattened 


-^p 


I'J   1 


I  ^Pl.  rlvetted 


Fiff.  3 


These  spaces  are  finished  with  glass,  in  which  is  imbedded 
^-inch  mesh  steel  wire  netting,  laid  between  tees  24  inches  apart 
on  centers. 

The  thirteenth  floor  is  really,  in  part,  a  sloping  roof,  for  rear  of 
building,  between  columns  i,  3,  12  and  10,  and,  in  part,  a  regular 
floor,  between  columns  10,  21,  24  and  12.  The  roof  is  figured  for  a 
live  load  of  30  pounds  and  a  dead  load  of  50  pounds  per  square 
foot.  The  floor  is  figured  for  the  same  loads  as  the  typical  office 
floor.  The  roof  slopes  toward  the  rear  ^  inch  per  foot.  The 
roof  is  formed  by  spanning  concrete  arches  between  beams,  and 
giving  to  the  surface  several  coats  of  asphalt  and  gravel. 

The  fourteenth,  fifteenth  and  sixteenth  floors  are  like  the 
thirteenth  floor. 

The  roof,  over  the  sixteenth  story,  between  columns  10,  21,  24, 
12,  is  made  like  the  one  at  thirteenth  floor  level  between  columns 
I.  3,  12  and  10.     On  the  roof  is  a  dog  house,  or  a  brick  inclosure, 
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12  feet  hij^h.  located  over  elevators  and  main  stairway,  and  covered 
with  a  slate  roof.  The  purpose  of  this  little  house  is  to  .e^ive  a  cov- 
ering- for  the  elevators,  with  head  room  enough  to  place  sheaves  and 
other  fixtures  for  the  elevator  cars ;  also  to  ^ive  an  exit  to  the  roof, 
thus  tcrminalinj;-  the  main  stairway  in  a  fireproof  door  leading?  to 
the  roof  at  the  very  front  of  the  building;  and.  extending  for  a  few 
feet  to  each  side,  toward  the  rear,  is  a  5-foot  projection  for  a  terra 
cotta  cornice.  The  terra  cotta  will  be  carried  by  4-inch  beams.  30 
inches  a])art.  a,L;ain  carried  by  main  girders  21  to  24  and  8-inch 
beams  parallel  to  the  girders.  The  method  of  connecting  the  floor 
l)oams  and  tlie  girders  to  the  columns  is  shown  in  Fig.  H.  Plate  III. 
of  "General  Details."  Beam  is  connected  to  beam  by  "connection 
angles."  standardized  by  leading  manufacturers  into  6  or  7  different 
kinds  to  suit  all  sizes  of  beams  and  channels.  These  connections 
are  designed  for  the  largest  loads  that  can  be  expected  on  the  ordi- 
nary spans  of  beams.     All  connections  should  be  riveted. 

3.       COLUMNS. 

The  columns  carry  the  entire  weight,  including  dead  and  live 
loads,  and  the  wind  pressure,  into  the  footings,  these  again  dis- 
tributing said  loads  on  the  soil.  The  aim,  as  explained  under  foot- 
ings, is  to  have  an  equal  pressure  per  square  foot  of  soil  at  the  same 
time  for  all  footings,  insuring  an  even  settlement.  The  columns 
adopted  in  this  building  are  "Z-bar  columns"  (Fig.  4),  very  exten- 
sively used  of  late  years ;  they  are  made  of  4  Z  bars  and  i  web  plate. 
Where  this  section  will  not  suffice,  extra  plates  are  riveted  on,  form- 
ing a  closed  column.  Where  the  closed  column  occurs,  all  the 
paint  specified  should  be  applied  before  riveting  up  or  assembling. 
The  columns  rest  either  on  the  top  layer  of  grillage  beams  in  the 
footings,  or  on  cantilever  girders,  to  which  latter  they  should  be 
riveted,  if  possible ;  and,  if  not,  bolted.  The  cantilever  girders  are 
24  inches  wide,  and  the  grillage  beams  of  the  top  layer  are  spaced 
9  inches  on  centers ;  thus  all  base  plates  can  be  made  24  by  24 
inches  and  ^  inch  thick.  The  columns  are  joined,  one  section  on 
top  of  the  other,  in  such  a  manner  as  to  secure  an  equal  and  com- 
plete transmission  of  loads  from  story  to  story  and  finally  into  the 
footings.  Fig.  H.  Plate  III,  shows  a  typical  column  splice,  a  10- 
inch  column  resting  on  a  12-inch  column.  The  top  of  the  lower 
and  the  bottom  of  the  upper  column  are  planed,  and  a  1-2 -inch  butt 
plate  is  placed  between  them.  Then  there  are  vertical  splice  plates, 
^  inch  thick,  and  fillers  to  make  up  the  dift'crent  widths  of  shafts. 
Generally  the  column  shaft  is  spliced  at  every  other  floor,  and  the 
adjacent  columns  must  break  joints;   that   is.  they   must   not   be 
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spliced  at  the  same  floors.  For  instance,  column  No.  7  is  spliced  at  ' 
the  third,  fifth  and  seventh  floors,  etc. ;  then  columns  Nos.  4  and  10 
are  spliced  at  the  fourth,  sixth  and  eighth  floors,  and  so  on.  This  is 
supposed  to  add  to  the  stiffness  of  the  structure,  whereas  it  renders 
the  erection  more  difficult.  For  intermediate  columns,  connections 
for  beams  and  girders  are  generally*  concentric,  but  for  wall  col- 
umns this  is  rarely  possible,  as  the  latter  must  be  set  in  far  enough 
from  the  face  of  the  wall  to  get  at  least  one  brick  thickness  outside ; 
while  wall  girders  are  located  at  centers  of  walls.  Any  one  of  the 
floor  plans  will  illustrate  this,  and  detail  plans  Nos.  13  and  14  show 
connections  in  detail.  Fig.  H,  Plate  III,  shows  concentric  connec- 
tions of  15-inch  floor  girders,  beams  resting  on  bracket  and  held  on 
top  by  angle  lug.  Fig.  I,  Plate  III,  shows  connections  to  column 
No.  15  at  sixth  floor,  where  wall  girders  are  6y2  inches  eccentric 
with  column. 
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As  to  the  proportioning  of  the  columns,  the  following  rules 
have  been  used : 

(a)  Proportion  for  entire  dead  load. 

(b)  Proportion  for  live  load  according  to  a  "sliding  scale." 
giving  top  story  or  attic  columns  full  load,  and  basement  columns 
80  per  cent,  of  all  the  live  loads  carried  into  them.  For  inter- 
mediate stories  interpolate;  thus,  in  a  16-story  building,  a  sixth- 
story  column  would  be  proportioned  for  88  per  cent,  of  all  live  load 
above  that  floor.  This  is  an  entirely  arbitrary  ratio,  and  is  recom- 
mended by  the  St.  Louis  Architectural  Club,  and  incorporated  into 
the  building  laws  of  St.  Louis,  dated  August  i,  1898.  It  is  based 
on  the  supposition  that  all  floors  are  not  at  the  same  time  loaded  to 
the  extent  specified.  As  to  permissible  stress  per  square  inch,  for 
medium  steel  12,000  pounds  has  been  used  for  both  concentric  and 
eccentric  loading-  for  short  columns  (12  feet).  For  longer  col- 
umns, use  10,000  pounds,  in  order  to  allow  for  eccentric  loading. 
For  wind  load,  raise  the  values  by  33  per  cent., — that  is,  use  16,000 
pounds  or  take  75  per  cent,  of  the  wind  loads  and  use  12,000 
pounds.  See  also  (4)  "Wind  Bracing,"  below.  Note  that  the 
eccentric  loading  does  not  accumulate  downward  through  the  build- 
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ing-.  Hence,  all  the  eccentric  loadinjT^  carried  by  any  one  column  is 
simply  whatever  load  is  bronq-ht  into  it  at  the  floor  immediately 
above.  Thus,  for  larqo  columns,  the  eccentric  loadint^-  has  a  rela- 
tively smaller  influence,  the  inertia  of  the  section  beinj;:;-  larfje. 

Other  column  sections  quite  frequently  used  are  the  "Phcenix" 
column  (Fiij.  5)  and  ortlinary  channel  columns  (Fig.  6)  (composed 
of  2  channel  bars,  or  of  channels  and  plates).  The  "(jray"  column 
(Fig.  7),  made  ol  angles,  and  having  its  outline  section  constant 
from  basement  tn  roof,  lias  l)een  i)atentcd  and  considerably  used. 
The  writer,  however,  prefers  the  "Z"  or  the  "Phoenix"  column,  be- 
cause in  them  the  loads  are  almost  instantly  transmitted  into  the 
entire  body  of  column. 

The  accompanying  schedule  for  Z-bar  columns  gives  the  size 
of  each  column,  from  basement  to  roof.  Note  how  the  column 
splices  are  staggered  (or  joints  broken).  The  8-inch  column  is 
the  smallest  used,  smaller  sections  being  more  difficult  to  handle 
in  the  shop. 

4.       WIND  BRACING. 

The  pressure,  in  pounds  per  square  foot,  for  which  a  building 
should  be  calculated  is  very  often  fixed  at  30,  and  is  supposed  to  be 
applied  to  the  entire  surface,  from  sidewalk  level  to  cornice.  If 
the  pressure  be  called  P.  and  the  velocity  in  miles  per  hour  V,  it 
has  been  claimed  that 

and  also  that  P  ^ 

ICX5 

There  is  quite  a  difference  in  opinion  between  scientific  men 
and  engineers  in  regard  to  the  relation  between  the  velocity  of  the 
wind  and  the  pressure  it  exerts  on  a  vertical  surface,  of  larger  or 
smaller  extent,  and  at  a  larger  or  smaller  height ;  also  as  to  the 
continuity  of  such  pressure. 

!Mr.  C.  Shalcr  Smith,  m  his  i)a])cr  on  "\Mnd  Pressure  upon 
Bridges,"  read  before  the  American  Society  of  Civil  Engineers  on 
December  5,  1880,  cites  a  few  examples  of  actual  results,  and  then 
calculates  what  pressure  could  produce  such  results. 

In  a  violent  storm  in  1871.  a  locomotive  was  overturned  at 
East  St.  Louis.  This  feat  represented  a  wind  pressure  of  93 
pounds  per  square  foot  of  actual  surface. 

He  also  cites  numerous  cases  of  car  derailments  when  the 

pressure  required  would  be  30^/2  ])Ounds  per  square  foot  of  actual 

surface.     He   gives,   as   a   general   opinion,   that   30   pounds   per 

square  foot  is  enough  for  an  average  truss  bridge  (about  150  feet 

16 
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long  )  as  he  knows  of  only  one  case  where  the  path  of  the  tornado 
was  over  60  feet  wide. 

In  the  discussion  of  Mr.  Smith's  paper  it  was  contended  that 
anemometers  had  shown  as  high  as  90  pounds  pressure  per  square 
foot ;  and  the  opinion  is  expressed  that  this  high  figure  may  be 
caused  by  the  shock,  or  impact  of  the  oncoming  storm. 

The  building  code  of  New  York  city,  adopted  October  10, 
1899,  calls  for  30  pounds  horizontal  wind  pressure  for  every  square 
foot  exposed ;  also,  that  the  overturning  moment  of  the  wind  shall 
be  equal  to,  or  less  than,  75  per  cent,  of  the  moment  of  stability 
of  the  structure.  It  further  requires  that  'Tf  the  resisting  mo- 
ment of  the  ordinary  materials  of  construction,  such  as  masonry, 
partitions,  floors,  connections,  are  not  sufficient  to  resist  the  mo- 
ment of  distortion  due  to  wind  pressure,  in  any  direction,"  wind 
bracing  must  be  put  in.  The  building  laws  of  St.  Louis  call  for 
30  pounds  per  square  foot,  from  sidewalk  level  to  extreme  top  of 
building. 

It  is  well  to  note  that,  up  to  the  fifth  or  sixth  floor  level,  build- 
ings generally  are  protected  by  adjoining  or  nearby  structures. 
A  building  oft'ers  a  large  surface,  and,  according  to  most  persons 
who  have  studied  this  subject,  the  large  surface  does  not  receive, 
over  its  entire  extent,  the  intensity  of  pressure  that  a  small  surface 
receives.  In  the  opinion  of  the  writer.  30  pounds  per  square  foot 
for  the  entire  surface  is  enough  for  a  building  such  as  that  de- 
scribed in  this  paper. 

The  best  and  cheapest  method  of  bracing  is  by  means  of  rods, 
running  diagonally  between  columns,  from  top  to  bottom.  But 
in  most  cases  this  is  entirely  out  of  the  question,  as  it  will  inter- 
fere with  free  passage  from  room  to  room,  and  along  the  corridors. 
This  is  especially  objectionable  in  the  first  story,  which  often  is 
thrown  into  one  room,  as  a  store.  Another  method  is  to  use  a  deep 
girder,  with  knee  braces  at  the  ends,  connecting  it  with  the  col- 
umns, and  relying  on  the  resistance  of  the  girders  to  bending. 
Again,  knee  braces  quite  often  become  undesirable  when  there  is 
no  convenient  wall  or  partition  to  hide  them,  and  in  this  latter 
case  have  been  used  plate  girders,  as  deep  as  possible,  connected  to 
columns  by  enough  rivets  to  transmit  into  columns  the  end  shears 
due  to  wind  loads  and  dead  and  live  loads,  and  to  resist  the 
couple  described  later  (see  Fig.  9  or  Fig.  12).  This  latter  is  the 
system  used  in  this  building,  and  is  illustrated  in  Fig.  J.  Plate  I, 
with  a  detailed  connection  to  column  shown  in  Fig.  H,  Plate  III. 

¥ig.  I,  Plate  I,  shows  the  wind-bracing  system  between  col- 
umns 4,  5,  6  or  7,  8,  9.     The  plate  girders  are  30  inches  deep,  up  to 
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and  including-  tlie  sixth  floor;  while  the  remainder  are  only  24 
inches  deep.  These  girders  act  hoth  as  floor  l)eams  in  their  re- 
spective floors,  and  as  wind-bracing  girders.  The  connection  to 
the  Z-bar  cohinm  is  indicated  in  detail  in  Fig.  H,  Plate  III.  The 
gusset  plates  at  the  columns  should  be  brought  down  if  necessary 
below  girder  to  get  enough  rivets.  In  a  narrow  building  the  col- 
umns should  be  so  placed  as  to  bring  the  web  plate  of  the  column 
perpendicular  to  the  long  axis  of  building.  This  makes  easier  and 
more  direct  connections  between  girders  and  columns.  Sometimes 
the  gusset  plate  is  run  through  the  column,  forming  part  of  it. 
In  the  present  case  connection  angles  are  used,  fasteniuir  the  girders 
to  the  face  of  the  column.     This  is  more  economical  and  requires 
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one  planed  joint  less.  The  method  used  for  calculating  sections 
of  bracing  girders  is  as  follows,  using  system  4,  5,  6  as  an  illustra- 
tion : 

Find  the  wind  load  at  each  floor  (being  equal  to  number  of 
square  feet  transferred  into  bracing  system  at  floor  multiplied  by 
30).  If  the  question  is  to  determine  section  of  girder  at  fifth 
floor,  add  the  wind  load  from  roof  to  fifth  floor,  inclusive,  amount- 
ing in  this  case  to  61,200  pounds.     (See  Fig.  8.) 

\\'ith  the  bracing  girders  properly  riveted  in  place,  the  column 
system  4,  5,  6  is  supposed  to  be  rigid,  so  as  to  act  as  one  piece,  and 
so  that  all  shears  are  ultimately  carried  into  the  footings,  being 
transferred  from  the  Ijracing  girders  at  one  floor  through  the  col- 
umns, straining  these  on  bending,  to  the  girders  at  floor  below  and 
so  on  to  base  of  columns.  Referring  now  to  Fig.  9,  showing  the 
bending  moments,  and  to  Fig.  10,  showing  the  shears,  the  following 
notations  have  been  used  : 

p  =  one-third  of  the  total  shear  (horizontal)  at  fifth  floor. 
(  In  tliis  case  ;^   X  61,200  =  20.400  pounds.) 
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V  =  the  vertical  reaction  at  column  No.  4  or  column  No.  6. 

H  =  the  height  of  fourth  story. 

W  =  the  distance,  center  to  center,  between  columns  No.  4 
and  No.  5,  or  between  columns  No.  5  ana  No.  6. 

D  =  the  total  dead  load  on  girder. 

L  =  the  total  live  load  on  girder. 

Assuming  the  wind  to  blow  in  the  direction  of  the  arrow  (refer 
to  Fig.  9), 

3.pJI  — ^.V.W  =  O 
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If  we  now  investigate  the  bending  moments  on  girders  con- 
necting columns  No.  4,  No.  5  and  No.  6,  we  find : 

On  the  right  side  of  column  No.  6  +  p.H.  (Compression  in 
top  flange.) 

On  the  left  side  of  column  No.  5  +  p.H  —  V.W.  (Tension 
in  top  flange.) 

On  the  right  side  of  column  No.  5  —  p.H  -f  V.W.  (Com- 
pression in  top  flange.) 

On  the  left  side  of  column  No.  4  —  p.H.  (Tension  in  top 
flange.) 

These  are  the  extreme  positive  and  negative  moments  on  gird- 
ers. 

The  bending  moments  due  to  the  dead  and  live  loads  will 

(D  +  L)W 


have  their  maximum  value  at  centers  of  girders  = 
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In  Fig;.  9  the  bending-  moments  due  to  wind  are  drawn  with 
dotted  Hnes,  the  bending-  moments  due  to  dead  and  live  loads  are 
<b-awn  with  dot  and  dash  Hnes,  and  the  resultant  moments  with 
full  lines.  The  ordinates  in  the  shaded  polyg-ons  will  c^ive  the 
bending:  moment  at  any  place  along-  the  top  llang-e  of  g^irder.  The 
ht-nding-  moments  along-  the  bottom  flanee  will  be  somewhat  smaller, 
and  generally  of  opposite  sig-n. 


Shear  Diagram 


Fig.  10 


Assuming  the  wind  to  blow  in  the  direction  of  the  arrow  (refer 
to  Fig.  10),  it  will  be  seen  that  the  vertical  shear 
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Column  No.  5  occupies  the  center  of  the  building,  and  it  has 
been  assumed  that  this  column  causes  neither  a  positive  nor  a  nega- 
tive vertical  reaction.  In  proportioning-  girder,  note  that  the  ex- 
treme fiber  stress  has  been  raised  by  50  per  cent.,  13,000  pounds 
being  used  for  dead  load  and  live  load,  and  20.000  pounds  for  wind 
load  stresses ;  as  the  wind  load  stresses  seldom  occur,  and  taken 
altogether  with  the  dead  and  live  load  stresses,  the  stress  per  square 
inch  runs  considerably  below  20,000  pounds.  The  girders  are  also 
subject  to  direct  compression  (due  to  wind  loads),  but  the  writer 
thinks  this  compressive  stress  can  be  safely  disregarded,  as  the  con- 
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Crete  floor  can  be  relied  upon  to  carry  this  load,  or  to  help  in  doing 
so. 

The  next  tninof  to  consider  is  the  influence  of  the  wind  pres- 
sure on  the  columns.  Considering  system  4,  5,  6,  Fig.  J,  Plate  I, 
there  is,  at  the  roof,  a  wind  load  of  3600  pounds ;  at  floors  from  the 
twelfth  to  the  third,  inclusive,  7200  pounds ;  at  the  second  floor, 
8700  pounds,  and  at  the  first  floor,  5100  pounds. 

The  load  on  column  4  (or  6)  caused  by  the  wind  will  be: 

Twelfth  storv    36ooxj2^   _  ^^^^  pounds. 

T-1  ,1  10,800  X   12      I  , 

Eleventh  storv \-  1350  =  5400  pounds. 

32 

Tenth  story +  5400  =  12,150  pounds. 

32 

X-   .1     .  25,200  X  12     I  ,  ^  , 

Amth  storv  -~~ +  12,150  =  21,600  pounds, 

32 

and  so  on,  down  to  the  footings. 

In  other  words,  the  moments,  due  to  wand  loads,  are  found  at 
each  floor;  the  resultant  moment  divided  bj  the  distance,  center 
to  center,  between  outer  columns,  No.  4  and  No.  6,  will  give  the 
stress  in  columns  No.  4  and  No.  6,  which  evidently  is  tensile  on 
the  windward  side  and  compressive  on  the  leeward  side.  Column 
No.  5,  being  at  the  center  of  the  building,  will  get  no  allowance  for 
the  wind  loads.  By  an  inspection  of  the  shear  diagram.  Fig.  10, 
it  will  be  noticed  that  the  vertical  shear,  due  to  wind  loads,  is  con- 
stant from  column  No.  6  to  column  No.  4.  In  proportioning  col- 
umns, note  that  for  stresses  due  to  wind  pressure,  16,000  pounds 
per  square  inch  has  been  used,  or  33  per  cent,  more  than  for  dead 
and  live  loads. 

The  direct  bending  moments  on  columns  due  to  wind  loads 
have  not  been  considered  in  proportioning  these  columns.  By  trials 
it  was  found  that  for  a  story  height  of  12  feet,  and  a  width  of  build- 
ing of  32  feet,  these  bending  moments  did  not  raise  the  fiber  stress 
to  any  great  extent.  The  influence  of  these  direct  bending  mo- 
ments should,  however,  be  investigated  for  each  separate  design; 
as,  for  a  very  narrow  building  with  high  stories,  it  may  become 
necessary  to  increase  the  amount  of  metal  in  columns. 

The  general  treatment  of  the  wind-bracing  system  between 
columns  17,  18,  19  and  20  is  similar  to  that  above  described,  but 
we  now  have  four  columns  where  before  we  had  but  three.  (See 
Fig.  II.) 

Fig.  II  shows  columns  17,  18,  19,  20  at  twelfth  floor.  The 
bracing  girders  are  riveted  in  place,  and  the  shear  at  twelfth  floor 
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FIG.  A.    FRONT  ELEVATION 


FIG.  J.    WIND-BRACtNG  C0LUM^S4,  6, 
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will  be  transferred  from  the  hraeinj^-  i;irclers  throui;h  the  colunins 
in  eleventh  story,  strainins^  these  on  bendinj^:.  to  the  bracing  girders 
at  eleventh  floor,  and  so  on  to  the  base  of  columns. 

Referring  now  to  Fig.  1 1  and  to  Fig.  12,  showing  the  bending 
moments,  and  Fig.  13.  showing  the  shears,  the  following  notation> 
have  been  used : 

J)  =  one- fourth  of  the  total  horizontal  shear  at  twelfth  floor 
(in  this  case  '4  X  39.600  =  9900  pounds). 

X  =  the  vertical  reaction  at  column  No.  17  or  column  No.  20. 

y  =z  the  vertical  reaction  at  column  No.  18  or  column  No.  19. 
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Fig.  12 


H  =  the  height  of  eleventh  story. 

W2  =  the  distance,  center  to  center,  between  columns  No.  18 
and  No.  19. 

Wi  =  the  distance,  center  to  center,  between  columns  No.  17 
and  No.  18,  or  No.  19  and  No.  20. 

D  and  L,  Dj  and  L^,  total  dead  and  live  load  on  girders.  (As- 
sumed uniform  in  order  to  simplify  the  treatment.)  The  center 
of  the  building  lies  halfway  between  columns  No.  18  and  No.  19; 
and  it  has  been  assumed  that  the  strains  in  the  columns,  caused  by 
wind  loads,  are  proportional  to  the  distance  of  column  from  center 
of  building ;  or 
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X  :  Y  =  24  :  7 

X=  -^A  Y (a) 

7 
Assumini^  the  wind  to  blow   in  the   direction  of  the  arrow 
(refer  to  Fig.  12)  : 

4.p.H  —  X(2Wi  +  WJ  —  Y.Wo  =  O (b) 

From  equations  a  and  b  X  and  Y  can  be  easily  found. 

If  we  now  investigate  the  bending  moments  on  girders  con- 
necting columns  Nos.  17,  18,  19,  20,  we  find: 

On  the  right  side  of  column  No.  20  -|-  p.H.  (Compression  in 
top  flange.) 

On  the  left  side  of  column  No.  19  +  P-H  —  XW^.  (Tension 
in  top  flange.) 

On  the  right  side  of  column  No.  19  -(-  2. p.H  —  XW^.  (Com- 
pression in  top  flange.) 

On  the  left  side  of  column  No.  18  —  2. p.H  -j-  XW^.  (Tension 
in  top  flange.) 

On  the  right  side  of  column  No.  18  — p.H  +  XW^.  (Com- 
pression in  top  flange.) 

On  the  left  side  of  column  No.  17  —  p.H.  (Tension  in  top 
flange.) 

These  are  the  extreme  positive  and  negative  moments  on  gird- 
ers. 

The  bending  moments  due  to  the  dead  and  live  loads  will  have 

.          '                                  ^     .    ,              (D  +  L)W,        ,. 
their  maxmium  value  at  centers  of  girders  —  ~ ana 

o 

~ — — — for  outer  and  inner  girders  respectively.    The  l:)end- 

8 

ing  moments  due  to  wind  loads  and  dead  and  live  loads  are  shown 
similarly  to  what  was  shown  in  Fig  9,  and  the  resultant  moments 
along  top  flange  of  girder  can  be  scaled  of¥ ;  the  moments  along  the 
bottom  flange  are  slightly  smaller  and  generally  of  opposite  sign. 
Assuming  the  wind  to  blow  in  the  direction  of  the  arrow  (refer 
to  Fig.  13),  it  will  be  seen  that  the  vertical  shear: 

On  the  right  side  of  column  No.  20  =  —  X  -^ — — 

2 

On  the  left  side  of  column  No.  19  =  —  X  — 

2 

On  the  right  side  of  column  No.  19  =  —  X  —  Y  +  -  ^        -  * 

2 

On  the  left  side  of  column  No.  18  =  —  X  —  Y "^ — -^ 
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On  the  left  side  of  column  No.  17  = 


X  — 


On  the  right  side  of  column  No.  18  =  —  X  +  -^L — ^" 

2 

2 

As  to  the  influence  of  wind  pressure  on  columns  Nos.  17,  18, 
19,  20,  the  porcedure  to  find  stresses  is  similar  to  the  one  explained 
for  columns  Nos.  4,  5,  6;  that  is,  after  finding  the  values  of  X  and 

Y  for  each  story  (Xj,.,  and  Y^,  X^r,  and  Y^., X^  and  Y^) 

summarize  their  numerical  values,  downward,  until  the  basement  is 
reached.  For  instance,  column  load  for  sixteenth  story  is  X^g  and 
Y,,. ;  fifteenth  story  is  X^.  -f-  Xj.,  and  Yj,.  -)-  Y^g ;  fourteenth  story 
is  Xjo  +  Xi,.,  -|-  Xi4  and  \\q  -)-  Y^.,  -(-  Y^^,  and  so  on. 

In  other  words,  the  overturning  moments  of  the  wind  are  re- 
sisted by  two  couples : 

X(2W,  +  W.)  and  Y.W2 


I 


lis.' 


Direction  of  Wind 
> 

_Tot<iI  T>('<td  and  T.ii'c^ 
Load=I)+L 


q1 


Total_Dead  and  Live 
Load  =I>i+Zif 


Total  Dead  and  Live 
Load  =D  +X 


t- 


^■■'i 


Shear  Diagram 


Fly.  13 


By  an  inspection  of  the  vertical  shear  diagram.  Fig.  13,  it  wnl 
be  noticed  that  the  shear,  due  to  wind  loads,  is  constant  from  col- 
umn No.  20  to  colunui  No.  19  ( —  X),  again  constant  from  column 
No.  19  to  dolumn  No.  18  ( —  X  —  Y)  and  finally  constant  from 
column  No.  18  to  column  No.  17  ( —  X  ). 

The  writer  believes  that  the  method  above  illustrated  for  pro- 
portioning girders  and  columns  will  be  quite  useful  and  safe  for  all 
practical  purj)oses.  without  !a\ing  claim  to  absolute  correctness. 
The  more  perfect  the  column  connections  are.  the  more  reason  is 
there  to  expect  close  results.  As  in  any  other  general  rule,  there 
are,  of  course,  special  cases  that  nmst  be  treated  by  themselves,  as 
exceptions.  The  columns  should  be  anchored  by  strtmg  rods  into 
or  below  the  foundations,  if  the  graphical  lay-out  of  the  wind  pres- 
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sure  and  dead  weight  of  the  bnilding  shows  that  the  resultant  at 
level  of  foundation  falls  outside  the  middle  third  of  the  base.  As 
to  bracing  this  building  in  its  longitudinal  direction,  the  standard 
connections  between  beams  and  columns  are  quite  sufficient.  For 
the  lower  part  of  the  building  (terminating  at  the  thirteenth  floor 
level)  the  ratio  ot  length  to  height  is  as  i  :  1.64.  For  the  upper 
front  part,  terminating  at  roof  over  sixteenth  story,  the  ratio  of 
length  to  height  is  as  i  to  1.20.  Between  columns  No.  10  and  No. 
1 1  is  a  brick  wall,  running  continuously  from  second  floor  to  roof, 
helping  to  stififen  the  building  transversely. 

5.      TYPICAL   DETAILS. 

The  typical  details,  shown  on  plans  Fig.  D,  Plate  I,  and  Plate 
III,  have  already  been  mentioned  in  describing  the  various  classes 
of  work  to  which  they  belong.  In  Fig.  D  is  shown  the  cantilever 
girder  between  columns  No.  13  and  No.  14;  one  column  (wall  col- 
umn) rests  on  top  of  the  girder,  while  the  anchor  column  (No.  14) 
rests  directly  on  the  grillage  and  the  girder  is  framed  into  it.  Plan 
No.  13  shows  the  connection  of  wind-bracing  girders  and  floor 
girders  to  columns,  and  shows  column  splice.  This  floor  girder 
(15-inch  beam,  60  pounds)  rests  on  a  bracket  riveted  to  column. 
The  beam  flange  will  be  riveted  to  this  bracket,  and  the  top  flange 
of  the  beam  will  be  riveted  to  an  angle  shelf,  to  steady  the  beam. 
Plan  No.  14  shows  some  eccentric  beam  connections.  It  will  be 
seen  from  the  floor  plan  that  the  loads  carried  into  column  by  the 
wall  girders  are  rather  small,  therefore  the  connections  are  light. 

Very  often  an  eccentric  wall  load  is  balanced,  or  partly  bal- 
anced, by  the  intermediate  beam  loads.     For  example : 

Load  transmitted  by  wall  girders  =  P. 

Load  transmitted  by  intermediate  beam  =  P^. 

Moment  of  wall  girders  =^  Pd. 

Moment  of  intermediate  beam  :=  Pid^. 

Pd  may  be  equal  to,  or  larger  or  smaller  than,  Pid^. 

Fig.  14  shows  such  a  case.  This  should  be  considered  when 
wall  columns  are  proportioned,  as  the  eccentric  load  may  be  less 
than  is  expected. 

Fig.  K,  Plate  III,  shows  steel  construction  in  bay  window 
framing  in  front  of  building,  as  shown  on  the  general  front  eleva- 
tion. Fig.  A,  Plate  I.  At  the  floor  level,  and  attached  to  front 
girders  by  bent  plates  and  a  cantilever  construction  carrying  the 
loads  into  the  floor  construction,  are  channels  properly  framed  to 
follow  the  outline  of  the  bay  window.  A  concrete  floor  will  be 
built  in  between  the  channels  and  the  front  girders.    The  framing 
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is  suspended  by  3  x  3-inch  anp^les,  ;is  indicated;  angles  being  fas- 
tened to  cantilever  construction,  as  indicated,  at  fifteenth,  twelfth, 
nititli,  sixth  and  fourth  floors. 

GENERAL  REMARKS. 

It  is  important  to  write  out  a  specification  for  the  kind  of  ma- 
terial wanted  in  the  various  parts  of  a  steel  structure.  The  special 
re(|uirements  for  steel,  as  to  amount  of  sulphur  and  phosphorus 
allowable,  and  as  to  tests  and  inspection  of  raw  and  finished  ma- 
terial, are  decided  by  each  architect  or  engineer  for  himself;  still 
there  are  some  general  points  which  should  not  be  overlooked.  All 
beams  used  in  foundations  should  have  three  to  four  coats  of  paint, 
raw  linseed  oil  forming  the  binder,  and  oxide  of  iron  or  red  lead 
the  pigment.  Before  applying  paint,  the  surfaces  should  be  abso- 
lutely clean.     If  hammering  and  wire  brushing  will  not  render  them 
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so,  the  sand  blast  should  be  used.  The  grillage  box  girders  should 
be  tight,  so  that  no  water  can  get  in  under  any  circumstances  that 
might  arise.  These  also  ought  to  have  three  to  four  coats  of  paint. 
The  floor  beams  should  have  end  connections  strong  enough  to 
carry  the  load  safely  into  the  girders.  In  short  spans  the  standard 
connection  angles  may  not  suffice.  Where  wall  girders  or  other 
beams  connect  with  columns  eccentrically,  connections  should  be 
so  designed  as  to  transfer  the  load  into  the  entire  column,  not  into 
part  of  it  only.  Where  wall  girders  have  cover  plates,  the  rivets 
should  be  flattened  on  top  of  the  cover  plate,  in  order  to  give  better 
bearing  for  brick  or  stone  work.  Where  beams  connect  to  col- 
umns with  a  connection  angle  above  (connecting  to  top  flange), 
give  an  allowance  of  one-eighth  to  one-quarter  inch  to  allow  for 
irregularities  in  depth  of  beam.  As  to  paint,  the  writer  believes 
that,  as  long  as  the  body  of  the  paint  is  good  unadulterated  linseed 
oil,  it  is  immaterial  whether  the  pigment  is  oxide  of  iron  or  red 
lead. 
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The  estimated  weight  of  steel  in  the  building  here  described  is 
795  tons,  and  the  estimated  cost  price  for  furnishing  all  steel  and 
erecting  it  at  St.  Louis,  riveting  all  connections  and  giving  all  steel 
an  extra  coat  of  paint  after  erection,  is  $47,000  at  prevailing  prices, 
September,  1900.  Analyzed,  the  weight  and  price  appear  as  fol- 
lows: 

Number  of  cubic  feet  in  building,  using  outside  dimensions, 
745,000. 

Weight  of  structural  steel,  per  cubic  foot  of  building,  2.13 
pounds. 

Cost  price  of  structural  steel,  per  cubic  foot  of  building,  6.31 
cents. 

Cost  of  structural  steel,  per  pound,  2.96  cents. 

The  writer  wishes  to  express  his  thanks  to  Mr.  Wm.  Frye 
Scott,  architect,  New  York  city,  formerly  a  member  of  the  En- 
gineers' Club  of  St.  Louis,  who  assisted  in  getting  up  the  architec- 
tural features,  arrangement  of  rooms,  stairways,  elevators,  etc.,  for 
the  building  discussed  in  this  paper. 
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THK  ENGINKKKlNCi   SOCIKTV-ITS  JJELATIONS  Ti>  THE 
ENGINEEK  AND  TO  THE  PUOrKSSION. 


Annual  Addrkss  by  H.  J.  Malochee,  President  Louisiana  Engineering 

Society. 


[Read  before  the  Society,  January  12,  1901.*] 

:By  constitutional  right  your  President  has  the  floor  on  this 
occasion,  and  he  begs  your  indulgence  if,  at  any  time,  he  should 
become  tiresome  or  should  say  anything  that  does  not  meet  with 
your  approval  or  should  offend  any  one  by  any  statement  that  he 
may  make.  He  wishes,  however,  to  assure  you  that  the  privilege 
is  one  that  he  fully  appreciates,  and  one  that  has  given  him  no 
little  concern  since  his  elevation  to  the  presidency  of  your  Society, 
wishing  then,  and  now,  as  he  has  always  done,  to  continue  in  the 
footsteps  of  his  predecessors  and  to  further  at  all  times  the  inter- 
est of  your  body  and  that  of  the  profession.  Being  sensible  of 
the  honor  conferred  and  fully  aware  of  the  futility  of  his  own 
efforts,  but  for  the  support  given  him  by  the  members  of  the 
Society  and  by  his  associates  on  the  Direction,  he  wishes  to 
acknowledge  with  gratitude  their  assistance  on  all  occasions 
when  the  future  of  the  Society  was  involved,  its  interests  were 
at  stake  and  its  development  and  advancement  under  consideration. 

A  retrospect  of  the  Society's  progress  during  the  three  years 
of  its  existence  will,  by  way  of  introduction  to  what  I  have  to  say, 
serve  to  place  before  the  members  of  the  Society,  and  before 
those  of  the  profession  who  have  not  honored  us  with  their 
valued  membership,  some  idea  of  the  good  to  be  derived  from 
such  membership,  professionally,  personally  and  otherwise. 

Beginning  with  twenty-six  charter  members,  the  Society  has 
gradually  increased  to  the  comparatively  large  membership  of 
seventy-five  members  of  all  classes.  It  has  increased  its  furniture 
and  other  assets;  it  has  preserved  intact  its  cash  balance  in  bank; 
it  has,  through  the  establishment  of  a  well-furnished  library,  given 
to  its  members  free  access  to  books  and  periodicals  worth  a 
hundred-fold  their  annual  dues.  Its  members  have  listened  to  a 
number  of  important  papers  specially  prepared  for  its  meetings^ 
the  value  of  which  has  been  fully  recognized  by  every  one.  A 
movement  of  importance  was  started  toward  the  protection  of 
the  public  against  the  imposition  of  the  charlatans  in  the  pro- 
fession, and  it  bids  fair  to  be  successful  in  a  short  time.  The 
social   features  have  not  been  neglected,  and  we  count  in  three 

*^Ianuscript  received  January  17,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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years'  existence  two  outings  and  two  smokers  of  unusual  sig- 
nificance and  success,  the  first  two  being  especially  so  through 
the  delightful  and  beneficent  presence  of  a  large  number  of  ladies. 

In  view  of  the  great  work  already  done  and  of  the  large 
amount  still  remaining  to  be  done  by  this  organization,  in  view 
of  its  importance  and  power  for  good,  would  it  be  amiss  to 
consider  the  Engineering  Society  from  the  theoretical  and  prac- 
tical standpoint,  to  consider  its  duty  to  its  members,  its  duty 
to  the  profession  at  large,  its  ability  as  a  teacher,  as  a  social  factor 
and  as  a  factor  in  forming  public  opinion  on  the  value  of  engineer- 
ing service? 

Throughout  the  past  ages  man  has  sought  his  kind,  has 
formed  associations  for  his  protection  and  advancement,  and,  as 
Montesquieu  says,  this  state  of  association  has  in  itself  developed 
a  state  of  war,  the  very  reason  for  this  latter  state  being  the 
recognition  of  his  own  superior  strength  or  weakness.  Compari- 
sons of  the  strength  or  weakness  of  this  or  that  individual,  and  the 
confidence,  derived  from  these  comparisons,  in  one's  own  strength, 
made  this  state  of  war  possible.  This  state  of  war  has  not,  however, 
caused  the  destruction  of  the  race ;  it  has  improved  it ;  it  has  made 
of  it  a  living,  active  body,  and  the  more  active  this  state  of  war  the 
greater  has  been  the  effort  to  live  through  it  and  the  greater 
the  results  attained.  Our  civilization,  our  commerce,  our  in- 
dustries, our  government,  our  states,  our  municipalities,  our 
buildings,  our  homes,  our  fight  for  life,  all  are  combined  to  make 
this  state  of  war  and  to  increase  the  world's  efforts  toward  the 
goal  which  it  has  set  for  itself, — viz,  the  happiness  of  all. 

And  in  this  work  the  engineer  stands  as  the  exponent  of 
the  highest  aims,  the  leader  in  some  of  the  most  important  works, 
the  creator  of  new  methods  and  processes  for  the  improvement 
of  mankind  and  its  condition,  the  maker  of  opportunities  never 
dreamed  of,  the  designer  of  magnificent  monuments  and  buildings 
that  serve  to  elevate  us  and  stir  us  on  to  the  ultimate  aim  for 
which  we  have  been  created. 

But  all  of  this  work,  all  of  this  designing,  all  of  this  execu- 
tion, all  of  this  leadership, — in  fine,  all  this  display  of  genius, — has 
not  been  arrived  at  without  effort,  constant  and  persistent.  It 
has  been  reached  only  after  studious  research  and  varied  experi- 
ment of  the  most  serious  and  assiduous  kind,  until  nature,  after 
opening  its  great  book  of  laws  to  the  engineer,  has,  through 
these  very  laws,  become,  together  with  its  materials,  his  slave 
for  the  advancement  of  the  entire  race  and  the  personal  comfort 
and  benefit  of  its  members. 
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The  ciig^inccr  lias  arrived  at  this  very  enviable  position 
through  a  number  of  causes  besides  the  one  of  self-preservation 
mentioned  heretofore,  but  none  can  be  considered  of  greater  im- 
portance nor  productive  of  greater  results  than  the  technical  col- 
lege and  the  technical  society.  It  is  true  that  there  come  into  the 
world  some  men  so  vigorous  of  mind  and  body,  so  transcendental 
in  their  genius,  that  they  are  not  in  need  of  the  assistance  of  their 
fellows;  but  tliose  men  are  few  and  far  between,  and  it  must  be 
admitted  I  hat  the  larger  proportion  owe  to  education  the  knowl- 
edge with  which  they  are  endowed,  or  the  thoughts  which  emanate 
from  their  brains.  This  is  possibly  truer  of  the  engineer  than 
of  most  men,  for  the  engineering  knowledge  of  centuries  has 
been  condensed  into  the  knowledge  of  the  present  day  by  con- 
stant study  of  the  results  attained  under  the  tentative  methods 
that  formerly  prevailed  and  by  the  examination  of  the  various 
applications  of  the  principles  and  laws  of  nature  as  shown  by 
the  works  of  the  great  scientists  and  engineers. 

Through  the  means  of  the  high-class  experimental  laborato- 
ries of  the  present  da\-.  we  have  peered  into  the  hidden  world, 
into  the  methods  and  doings  of  nature  itself,  until  we  have 
practically  discovered  all  of  its  great  secrets  with  the  exception  of 
the  essence  of  life.  But  who  has  preserved  all  the  details  of  this 
experimentation?  Who  has  collected  the  data  and  the  results?' 
\\'ho  has  verified  them?  The  answer  comes  quickly  and  nat- 
urally,— the  technical  college  and  the  engineering  society.  But 
they  have  done  more  yet.  they  have  conjointly  elevated  the  standard 
of  the  profession,  improved  its  ethics  and  by  proper  records  pre- 
served for  all  engineers  the  knowledge,  research  and  investigations 
of  all  the  engineers  of  the  world. 

The  great  and  important  duty  and  work  of  the  technical 
college  in  training  the  youth  of  this  generation  in  the  knowledge 
necessary  for  the  proper  direction  of  their  energies  without  en- 
gaging them  in  the  serious  mistakes  which  must,  of  necessity, 
be  the  result  of  direction  by  untrained  men.  This  duty  and  work 
need  no  elucidation,  no  commendation,  no  praise  from  any  of  us; 
for  the  results,  the  work  of  its  graduates,  show  for  themselves 
without  any  words  from  me.  This  training  is  so  well  recognized 
as  a  prerecjuisite  to  the  acquirements  necessary  to  one  who  wishes 
to  enter  the  field  of  engineering  that  some  of  the  large  machine 
shops  do  not  take  in  any  other  apprentices  than  young  men  who 
have  graduated  from  technical  schools  of  recognized  standing,  and 
the  requirements  for  membership  in  either  the  American  Society 
of  Civil  Engineers  or  the  American  Society  of  Mechanical  En- 
gineers almost  demand  such  education  or  its  equivalent. 
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Has  the  technical  society  done  its  part  of  the  work?  Em- 
phatically, yes.  The  young  engineer  leaving  college  has  only  been 
taught  correct  principles,  and  informed  upon  the  methods  which 
have  been  found  most  successful.  But  his  technical  education 
has  fitted  him  for  the  battle  of  life,  and  particularly  for  the  post- 
graduate work  which  he  needs  in  order  to  keep  abreast  of  the 
times.  It  has  placed  him  in  a  position  wherein  he  can,  through 
correctly  directed  judgment,  discern  between  right  and  wrong, 
technically  speaking  as  well  as  professionally,  and  I  ask,  what 
are  the  means  at  hand  for  this  advanced  work,  for  the  study  of 
ever-changing  conditions  and  applications? 

Such  means  are  found  in  the  experience  acquired  by  each 
individual,  in  the  experiences  of  others,  as  published  in  the  tech- 
nical press,  in  the  valuable  bulletins  and  catalogues  issued  by 
manufacturing  companies,  and  in  the  papers  presented  before  the 
various  technical  societies  of  the  world.  But,  by  reason  of  man's 
tendency  toward  association,  by  reason  of  local  interest,  of  per- 
sonal acquaintance  derived  from  such  association,  of  the  light 
acquired  by  discussion  between  individuals,  by  reason  of  the 
social  features  attached  to  such  organizations,  the  Engineering 
Society  is  the  most  attractive  of  these  means  of  improvement,  and 
we  find  it  increasing  in  its  membership,  in  the  value  of  the  papers 
presented,  in  the  advantages  it  offers  and  in  the  fraternal  feeling 
it  engenders  between  the  various  members  of  the  profession. 

Considered  from  the  theoretical  standpoint,  such  a  society 
as  ours  is  a  rendezvous  or  meeting  place  for  its  members,  for 
an  exchange  of  views,  for  the  discussion  of  experiences,  for  the 
collection  of  a  library  and  for  the  presentation  of  new  ideas  and 
their  discussion,  for  a  more  intimate  personal  acquaintance,  for 
the  consideration  of  questions  of  ethics  and  other  matters  of 
interest  to  its  members,  for  the  recognition  of  services  rendered 
to  the  profession  at  large,  for  the  instruction  of  the  world  in  the 
ideals  which  the  profession  has  set  for  itself,  for  the  exposition 
of  the  benefits  to  be  derived  from  the  raising  of  these  ideals 
and  for  the  education  of  the  younger  by  the  older  members, — in 
fact,  the  aim  of  the  Society  is  the  general  advancement  of  its 
members  and  of  the  profession  at  large.  Practically  speaking, 
what  does  such  a  society  as  ours  bring  forth?  It  gives  us  all  of 
the  above  advantages  in  a  greater  or  lesser  degree.  The  eminent 
-engineer  learns  to  know  the  younger  member  from  a  different 
point  of  view  than  in  the  light  of  an  assistant;  the  chief  learns  of 
the  hidden  ability  in  the  more  timid  employe;  the  assistant  has  the 
opportunity  of  placing  himself  properly,  possibly  in  a  prominent 
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-way,  before  the  head  of  his  department  by  correct  discussion  of 
matters  presented  to  the  Society;  the  plane  of  equahty  upon 
which  they  meet  opens  the  door  for  a  more  thorough  understand- 
ing of  tlioir  dispositions  and  cliaracters.  and  tlie  chaff  is  uncon- 
sciously separated,  or  at  least  distinguished,  from  the  wheat.  The 
sensible  increase  of  a  library,  and  the  improvement  in  its  cata- 
loguing and  therefore  in  its  value,  and  the  emulation  derived 
from  the  consideration  of  the  work  done  by  the  other  members, 
form  not  the  lesser  advantages  to  be  gamed  from  such  associa- 
tion. All  these  things  we  have,  but  we  must  not  stop  here.  A 
larger  mmibcr  of  members  should  take  active  part  in  the  pro- 
ceedings; the  membership  should  be  increased  so  as  to  include 
every  nHMiil)cr  of  the  profcssic^n  deserving  such  nienihership;  the 
ethics  of  the  profession  should  be  zealously  guarded,  and,  if 
possible,  their  standard  heightened;  the  certificate  of  membership 
in  this  Society,  although  to-day  a  recognized  guarantee  of  ability 
and  integrity,  should  become  a  passport  into  the  most  carefully 
guartled  and  exclusive  places  in  the  world,  and  the  voice  of 
authority  should  be  that  of  its  members. 

The  Engineering  Society  owes  it  to  its  members  to  take  up 
and  study  all  subjects  of  engineering  interest  that  may  come  up  in 
the  natural  course  of  events.  It  should  express  itself  against  all 
methods  that  tend  to  affect  injuriously  the  standard  of  the  profes- 
sion, and  should,  without  fear  or  favor,  condemn  those  who, 
through  their  conduct,  tend  to  lower  that  standard.  The  value 
of  the  services  rendered  by  professional  engineers  should  be 
recognized  to  be  as  great  as,  if  not  greater  than,  that  of  any  of 
the  other  learned  professions,  and  it  behooves  the  Engineering 
Society  to  discredit  the  men  or  man  who  would  have  us  give  an 
opinion  for  a  mere  pittance  or  design  soine  great  work  for  a  mere 
living  salary.  It  owes  it  to  its  members  to  investigate  carefully 
the  professional,  business  and  social  standing  of  the  men  who 
knock  at  its  doors  for  admission,  for  surely  integrity,  honesty, 
and  conscientious  devotion  to  duty  and  truth  are  the  necessary  at- 
tributes of  an  engineer  as  well  as  the  ((ualifications  necessary 
to  a  gentleman. 

In  the  light  of  our  experience  during  the  latter  part  of  the 
nineteenth  century,  in  the  light  of  the  increased  importance  of  the 
engineer  in  our  daily  life  and  of  the  position  assumed  by  him 
-with  relation  to  our  industrial  life,  how  can  we  expect  his  influence 
to  be  }///  during  the  next  century?  For  my  part,  I  cannot  see  in 
■what  sphere  of  action  this  influence  will  not  be  felt.  It  is  now 
felt  throughout  the  world.  There  exists  to-day  neither  time  nor 
[17] 
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distance  on  this  earth.  The  telephone,  the  telegraph;  the  rail- 
road, the  steamship;  the  street  car,  the  automobile;  the  merchant 
ship,  the  battle  ship;  the  magazine  rifle,  the  lOO-ton  breach- 
loading  gun;  the  silk  dress,  the  cotton  goods;  the  blast  furnace,, 
the  cotton  mill;  the  necessaries  of  life,  its  luxuries, — all  these 
things,  and  more,  owe  their  existence  to  the  engineer  and  to  his 
genius  of  design  and  application.  Can  this  influence  be  dimin- 
ished? The  engine  of  twenty  years  ago  was  of  300  H.  P.;  the 
engine  of  to-day  is  of  5000  H.  P.  The  steamship  of  a  few  years 
ago  was  a  1200-ton  ship;  the  steamship  of  to-day  is  a  "Deutsch- 
land"  or  an  "Oceanic,"  with  16,000  tons  carrying  capacity  and 
33,000  H.  P.  of  driving  machinery!  There  must  and  can  be  no  stop 
in  the  world's  progress.  The  engineer,  as  the  leader  in  this  march 
toward  the  goal  of  universal  happiness,  must  forever  and  with 
vigilance  watch  the  opportunities  for  advancement  and  improve- 
ment. Sanitary  and  health  conditions  must  be  looked  into,  so 
as  to  lengthen  the  life  of  the  human  race;  the  cost  of  the  poor 
man's  loaf  and  of  his  cotton  and  woolen  goods  must  be  decreased, 
the  productiveness  of  his  labor  must  be  increased;  and  to  the 
engineer  we  shall  turn  as  the  benefactor  of  mankind,  the  promoter 
of  its  happiness,  the  user  of  the  resources  of  the  world,  the  creator 
of  its  opportunities,  the  framer  of  its  most  important  destinies. 


Editors  reprinting  articles  from  tliis  journal  are  requested  to  credit  not  only  tlic 
Journal,  but  also  the  Society  before  which  such  articles  were  read. 
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A  STUDY  IN  HY1>KAI  Lies. 


By  Georgk  H.  Fexkell,  Memher  Detroit  Engineering  Society. 


[Read  before  the  Society,  ]\Iay  i8,   1900.-^'] 

The  student  in  hydraulics  at  first  is  often  led  to  believe 
that  the  formulas  for  the  flow  of  water  through  channels  of 
dilYerent  kinds,  through  orifices  and  over  weirs,  are  derived 
from  certain  well-known  laws,  such  as  those  of  gravity  and  fric- 
tion, whose  character  and  nature  have  been  so  thoroughly  studied 
that  they  admit  of  little  or  no  variation.  His  belief  in  that  line  is 
strengthened  when  he  finds  how  long  many  of  these  formulas 
have  been  in  general  use  and  the  number  of  years  they  have 
appeared  in  precisely  the  same  form  in  text-books  and  manuals. 

If  the  subject  is  pursued  farther,  however,  it  will  be  observed 
that  all  have  been  founded  upon,  or  at  least  verified  by  experi- 
ments made  at  different  times,  by  different  persons  and  under 
various  conditions.  Many  have  evolved  formulas  from  their  own 
results,  and  perhaps  a  limited  number  of  others  that  agree  with 
their  own  fairly  well,  disregarding  those  made  under  as  favorable 
conditions,  but  which  do  not  seem  to  follow  the  same  laws. 

A  large  number  of  formulas  have  been  derived  to  determine 
the  friction  in  closed  pipes  or  conduits  running  full,  under  pres- 
sure, such  as  cast  iron,  wrought  iron,  steel  and  wood;  and  so 
often,  in  fact,  has  this  ground  been  beaten  over  that  many,  after 
various  attempts  to  find  rules  that  will  fit  all  cases,  have  given 
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np  in  despair  and  gone  back  to  some  simple  equation,  believing, 
with  Hamilton  Smith,  ]r.  ("Hydraulics,"  page  200),  that  "It  is 
very  doubtful  whether  one  general  expression  with  constant  co- 
efficients can  be  framed,  which  will,  with  a  fair  degree  of  accuracy, 
give  the  value  of  v  —  r,  s,  and  the  conditions  of  the  wetted  surface 
being  known." 

It  seems  probable  that,  if  all  the  experiments  that  have  been 
published  to  the  present  time  had  been  made  with  only  that 
allowable  amount  of  error  which  even  the  most  careful  cannot 
avoid,  many  of  the  peculiarities  entering  into  the  different  formu- 
las would  be  missing,  and  that  one  set  of  experiments  would 
tend  to  check  another.  From  the  time  when  Couplet,  who  was 
one  of  the  first  to  recognize  the  value  of  accuracy,  published  the 
result  of  his  work  at  Versailles  in  1732  ("Recherches  sur  le 
Mouvement  des  Eaux"),  down  to  within  a  few  years  ago,  very 
little  attempt  was  made  to  separate  those  experiments  which  had 
been  made  with  skill  and  care  from  those  which  were  but  ap- 
proximations or  were  the  result  of  careless  and  indifferent  work. 

In  1885,  Hamilton  Smith,  Jr.,  member  of  the  American  So- 
ciety of  Civil  Engineers,  published  his  "Hydraulics,"  and  in  it, 
for  the  first  time,  so  far  as  the  author  can  ascertain,  an  endeavor 
was  made,  by  plotting  z'  with  c  (Chezy  formula,  V  =;  c^/rs)  on 
squared  paper,  to  pick  out  those  experiments  which,  by  the 
smoothness  of  the  curve  thus  obtained,  showed  accurate  and 
careful  work.  The  result  of  his  investigations  led  him  to  believe 
that  the  co-efficient  c  increased  in  some  unknown  relation  to  the 
velocity,  although  above  one  foot  per  second  the  increase  in  c 
was  very  slight. 

During  the  past  few  years  several  sets  of  experiments  have 
been  made  on  large  pipes  of  various  kinds,  and  it  is  the  intention 
of  the  author  to  discuss  the  published  results  obtained  from  these, 
as  well  as  most  of  those  reviewed  by  Mr.  Smith. 

In  the  discussion  on  "Experiments  on  the  Flow  of  Water 
in  the  Six-Foot  Steel  and  ^^'ood  Pipes,"  etc.,  by  Marx,  Wing 
and  Hoskins  (Transactions  of  the  American  Society  of  Civil  En- 
gineers, Vol.  XLIV,  December,  1900),  the  author  made  some 
comments  on  the  flow  of  water  in  large  riveted  pipes,  and  Plates 
Nos.  7,  8  and  9  of  this  paper  were  there  presented. 

V- 
As  y-  =  2i>li.  li  ^=        :=  H^,  =:  velocity  head.      (The  author 
""  2g 

has  used  64.4  as  the  value  of  2g.)      If  the  loss  of  head  or  friction 

(///■)  varies  as  the  square  of  the  velocity,    and  the  velocity  head 

■(/4)  he  plotted  with  the  loss  of  head  {^/)  on  squared  paper,  a 
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straight  line  through  tlic  origin  will  he  the  result."^  If  the  line 
so  obtained  is  not  straight,  the  observed  loss  of  head  does  not 
vary  as  the  s(|uarc  of  the  observed  velocity. 

In  this  discussion,  the  average  straiidit  line  throush  a  num- 
ber of  points  is  found  I)\-  lirst  obtaining  the  center  of  gravity  of 
all  the  points,  by  dividing  first  the  sum  of  the  ordinates  and 
then  the  sum  of  the  abscissas  by  the  number  of  observations. 
The  centers  of  gravity  of  these  points  on  cither  side  of  this 
center  are  then  found,  and,  as  these  three  points  lies  in  a  straight 
line,  they  determine  tiie  average  line  as  given  on  the  plates  and 
in  the  table,  li  may  l)c  tiiat  the  method  of  least  squares  would 
have  been  i)referable,  as  the  probable  error  could  have  thus  been 
obtained.  The  method  used,  however,  involves  less  labor  than- 
the  former  and  is  imich  more  satisfactory  than  averaging  with 
a  fine  thread. 

For  some  time  past,  many  engineers,  including  those  en- 
gaged in  hydraulic  work,  have  employed  some  method  of  plotting 
to  obtain  co-efficients  or  exponents.  Dr.  Osborne  Reynolds  pre- 
sented a  paper,  "An  Experimental  Investigation  of  the  Circum- 
stances which  Determine  whether  the  Motion  of  Water  shall  be 
Direct  or  Sinuous,  and  of  the  Law  of  Resistance  in  Parallel 
Channels,"  before  the  Royal  Society  of  London,  March  15,  1883 
(Proceedings  Royal  Society  of  London,  Vol.  XXXV,  page  84),. 
in  which,  by  plotting  the  logarithms  of  the  resistances  per  unit 
length  as  abscissas  and  those  of  the  velocities  as  ordinates,  a 
straight  line  results,  provided  the  velocity  varies  directly  as  some 
power  of  the  friction.  The  slope  of  the  line  found  gives  the 
values  of  the  exponent.  Professor  Edwin  C.  Pickering,  Director 
of  Harvard  College  Observatory,  has  for  many  years  plotted  by 
means  of  logarithms,  and  in  1893  John  R.  Freeman,  M.  Am.  Soc. 
C.  E.,  Member  of  the  Boston  Society  of  Civil  Engineers,  pre- 
pared lithographed  sheets  drawn  to  a  logarithmic  scale  on  both 
a1)scissas  and  ordinates,  which  admit  of  a  wide  use.  and  ha\'e  lieen 
extensively  used  by  Mr.  Freeman  and  others  in  experiments  on 
flov.-  of  water.j 

*The  most  satisfactory  way  of  converting  velocities  into  velocity  heads 
i:^  by  means  of  diagrams  made  on  sheets  of  cross-section  paper  about  16 
X  20  inches.  Plot  enough  points  from  a  table  to  give  an  accurate  curve, 
and  if  necessary  increase  the  scale  for  low  velocities.  When  more  con- 
venient the  square  of  the  velocity  may  be  used  instead  of  the  velocity 
head. 

fThcse  sheets  are  20  x  20  inches,  ruled  both  to  a  lo-inch  and  a  20-inch 
base,  and  the  scale  and  print  are  remarkably  good.  The  author  is  indebted  to 
Mr.  Freeman  for  several  sheets. 
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Rudolph  Hcring,  M.  Am.  Soc.  C.  E.,^  Member  of  the  Bos- 
ton Society  of  Civil  Engineers  (Transactions  American  Society 
of  Civil  Engineers,  1879),  published  several  diagrams  in  a  paper, 
"The  Flow  of  Water  in  Small  Channels,  after  Ganguillet  &  Kutter," 
etc.,  and  similar  diagrams  were  published  by  Arthur  N.  Talbot, 
Member  of  the  American  Society  of  Civil  Engineers  (Engineering 
Nezvs,  August  11,  1892),  in  an  article,  "Diagrams  for  Flow  in  Pipe 
Sewers,"  and  by  F.  S.  Bailey,  in  "Diagram  for  Discharge  of  Two- 
to  Seven-Foot  Brick  Conduits  Flowing  Full"  (Engineering  Nezvs, 
November  15,  1894),  in  which  the  velocity  or  quantity  is  plotted  at 
an  arithmetic  scale  on  the  ordinate  and  the  grade  or  slope  at  a 
logarithmic  scale  on  the  abscissa,  the  different  sizes  being  repre- 
sented by  a  diagonal  line.* 

In  Diagrams  "A"  and  "B"  in  the  "Graphical  Solution  of 
Hydraulic  Problems"  (New  York,  1897),  Freeman  C.  Coffin,  M. 
Am.  Soc.  C.  E.,  Member  of  the  Boston  Society  of  Civil  Engi- 
neers, employs  logarithmic  ruled  paper  to  determine  graphically  the 
increased  friction  in  old  pipes  over  that  in  new  ones. 

The  advantages  m  using  logarithmic  ruled  paper  are  many, 
especially  for  the  purpose  of  obtaining  fractional  exponents,  and 
diagrams  that  could  otherwise  be  represented  only  by  curves  of  a 
complicated  nature  are  much  simplified;  but  for  the  case  at  hand, 
to  study  graphically  the  relation  existing  between  velocity  and 
friction  in  closed  pipes,  and  especially  the  initial  error  in  the  obser- 
vations or  reductions,  if  such  exist,  the  author  believes  the  method 
adopted  in  this  paper  to  be  at  least  as  simple  and,  owing  to  uni- 
formity of  scale,  more  easily  comprehended  by  inspection  than 
any  other  yet  published.  It  was  first  suggested  in  1897  by 
Gardner  S.  Williams,  M.  Am.  Soc.  C.  E.,  Member  of  the  Detroit 
Engineering  Society,  and  used  quite  extensively  by  him  and  by  Mr. 
C.  W.  Hubbell,  Assoc.  M.  Am.  Soc.  C.  E.,  Member  of  the  Detroit 
Engineering  Society,  and  the  author  in  reducing  experiments  on 
fYictional  loss  in  curves  of  different  radii  in  large  cast  iron  pipe. 

It  is  very  difffcult  to  obtain  a  series  of  experiments  on  as 
complicated  a  subject  as  the  flow  of  water  through  pipes  without 
some  errors  entering  into  the  results;  but  many  of  these  errors, 
under  ordinary  conditions,  such  as  air  in  gage  connections,  cali- 
bration of  instruments  and  leaks  in  instruments  and  connections, 
are  nearly  constant  for  all  velocities;  while  others,  such  as  per- 
sonal error  of  observers,  tend  to  balance  each  other.     As  nearly 

*Since  presenting  this  paper,  a  somewhat  similar  diagram  appeared  in 
an  artiele  "Diagram  Giving  Discharge  of  Pipes  by  Kutter's  Formula,"  by 
John  H.  Gregory,  Jun.  Am.  Soc.  C.  E.  (Eng.  Record,  Nov.  3,  1900). 
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all  experimental  results  include  sonic  of  these  errors,  it  is  hardly 
to  be  expected  that,  even  if  H/  varies  as  the  square  of  the  velocity, 
the  resulting-  line  will  pass  exactly  through  the  origin.  The  equa- 
tion will,  therefore,  become  H/  =  aHy  -V-  b,  in  which  iz  &  is  a 
ctinstant  for  each  set  of  experiments  and  indicates  the  distance  from 
the  origin  at  which  the  line  cuts  the  ///  axis.  If  we  move  this  line, 
liarallel  with  itself,  until  it  passes  through  the  origin,  it  will  then 
represent  the  relation  existing  between  H„  and  H/-. 

There  are  many  things  that  may  affect  the  final  results  ob- 
tained to  such  an  extent  that  when  Hv  and  H/  are  plotted  to- 
gether some  kind  of  a  curve  will  result,  and  it  is  evident  that, 
when  such  is  the  case,  it  is  impossible  to  transform  them  into  a 
straight  line.  It  seems  possible  that  peculiarities  of  this  kind 
may  have  been  sometimes  caused  either  by  the  effect  of  curvature 
in  the  line  of  pipe  experimented  upon  or  by  errors  made  in  deter- 
mining q,  v  or  H f.  Many  of  these  experiments  were  gaged  by 
means  of  weirs  or  orifices,  and,  judging  from  the  discussion  in 
various  articles  which  have  recently  appeared,  it  seems  possible 
that  co-efficients  were  used  which  may  have  been  in  error  several 
per  cent.  In  the  following  plates,  points  which  do  not  plot 
straight  are  connected  with  a  broken  line. 

In  this  paper  the  author  has  deduced  the  values  of  c  in  the 
Chezy  formula.  If  the  relation  between  Hy  and  Hf  can  be  repre- 
sented by  a  straight  line  passing  through  the  origin,  Hy  v:  H/v.  s. 
If  z'  =  c\/ rs,  c  =  \/rs~.  As  v-  00  H/,  and  as  r  is  constant  for  each 
size  of  pipe,  c  wall  remain  the  same  for  all  velocities  in  the  same 
pipe.  This  constancy  of  c  holds  good  in  any  formula  of  the  form 
V  =  cr^  s^  provided  3'  =  2. 

On  the  following  plates,  all  the  experiments  which  the  author 
has  been  able  to  plot  in  this  way  are  shown  at  various  scales. 
Many  experiments,  however,  which  have  been  conducted  with 
great  care  are  omitted  in  this  discussion  because  there  is  not 
enough  range  in  the  velocities  used,  to  determine  accurately 
the  locus  of  Hf  and  Hy.  It  is  also  necessary  that  this  range  in 
velocities  should  be  made  on  the  same  section  of  pipe,  covering 
as  short  a  period  of  time  as  possible,  as  the  various  effects  of 
curvature  in  different  lines,  and  the  ever-changing  conditions 
of  interior  surface,  may  cause  considerable  variations.  Many  of 
the  experiments  made  by  Clemens  Herschel,  M.  Am.  Soc.  C.  E., 
on  the  riveted  pipes  of  the  East  Jersey  Water  Company  ("115 
Experiments"  by  Clemens  Herschel)  are  omitted  here  for  this 
reason.     It  mav  be  that  some  experiments  that  should  have  been 
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included  have  been  entirely  overlooked  by  the  author.  It  is  believed, 
however,  that  no  serious  omissions  have  been  made. 

Table  I,  accompanying  the  following  plates,  is  self-explana- 
tory. The  equation  of  the  average  straight  line,  as  shown  on  the 
plates,  is : 

Hf  =  aH-,  ±  h, 

and,  when  moved  parallel  with  itself  until  it  passes  through  the 
origin,  it  becomes: 

H  f=  oHy. 

Multiplying  the  velocity  head,  of  any  velocity,  by  a,  the  product 
is  the  loss  of  head  per  looo  feet  of  pipe.  Column  14  contains  a, 
and  Column  15  contains  b  in  the  foregoing  equations.  Column  16 
contains  c,  as  figured  from  H/.  As  explained  before,  c  is  constant 
for  all  velocities.  It  is  not  the  intention  of  this  paper  to  advance 
the  formula  just  mentioned  as  one  to  be  used  in  every-day  practice 
for  estimating  friction,  discharge,  etc.,  as  the  range  in  the  values 
of  a  entirely  unfits  it  for  such  a  purpose.  Neither  is  it  the  author's 
intention  to  cast  discredit  on  any  set  of  experiments.  As  the 
name  of  this  paper  indicates,  it  has  been  the  author's  aim  to 
throw  more  light  on  this  important  subject  in  hydraulics  by  a 
systematic  study  of  previous  experiments.  It  has  been  claimed 
that  the  ideal  formula  is  v^cr^s^,  in  which  x  and  y  have  such 
values  that  c  will  be  independent  of  the  size  of  pipe  and  of  differ- 
ent slopes  of  the  same  pipe.  This  can  be  possible  only  if  y  remains 
constant  for  all  sizes  of  pipes. 

The  question  has  often  been  discussed,  whether  the  friction 
varies  as  the  square  of  the  velocity,  and  many  attempts  have  been 
made  to  prove  or  disprove  this  proposition.  The  author  will  not 
attempt  to  analyze  any  of  these  discussionss,  but  will  mention  a 
few  of  the  most  recent  papers  which  have  attempted  to  solve  this 
problem. 

1.  In  a  very  interesting  paper  by  William  E.  Foss,  member 
of  the  Boston  Society  of  Civil  Engineers,  "New  Eormulas  for 
Calculating  the  Elow  of  Water  in  Pipes  and  Channels" 
(Journal  of  the  Association  of  Engineering  Societies,  June, 
1894),  from  the  line  obtained  by  plotting  the  logarithm  of  ■:•  with 
the  logarithm  of  .v  (see  Plates  i  and  2  of  that  paper)  on  squared 
paper,  it  is  found  that  v   V  ^  s. 

2.  Desmond  FitzGerald,  M.  Am.  Soc.  C.  E.,  ]\Iember  of 
the  Boston  Society  of  Civil  Engineers,  deduced  from  the  results  of 
his  experiments  on  the  48-inch  cast  iron  Rosemary  pipes  ("Elow  of 
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\\'ater  in   I'lirty-^'i^lil- Inch   riprs,"    Transactions  AnKTican  Society 
of  Livil  I'jii^inrcTs,  \OI.  \  X  X  \  .  \X()())  that 

2<  X  s '■  ■"  when  luhrrcnlatfil,  and 

z'v:  s  ""  after  hcinj^-  clcanc(h 

Plate  6  shows  tliese  experiments,  together  with  those  made 
on  the  same  pipe  by  F.  P.  Stearns.  .M.  Am.  Soc.  C.  E.,  when  new  in 
1885.  These  two  series  were  conchicted  with  ^reat  care  and  are 
among  the  best  that  have  ever  ])een  pubhshed.  It  will  be  ol)served, 
from  Mr.  FitzGcrald's  results,  that  z'-  -x  ///■  very  nearly,  and  even 
if  plotted  to  a  much  larger  scale  than  shown  in  Plate  6,  it  will  be 
seen  that  the  point  falls  in  a  straight  line  with  remarkable  precision. 

3.  In  "The  Flow  of  Water  in  I'ipcs,"  by  C.  H.  Tutton, 
member  of  the  Engineering  Society  of  Western  New  York 
(Journal  oi-'  the  Association  of  Engineering  Societies,  Octo- 
ber. 1899),  by  the  use  of  logarithms,  plotting  on  squared  paper, 
he  finds  that  if  z'  =  cr'''''s''^,  c  will  remain  constant;  that  is,  that 

4.  j\Ir.  M.  E.  Sullivan  ("New  Hydraulics,''  Denver,  1900) 
assumes,  as  one  of  the  laws  of  friction  as  applied  to  a  liquid  in 
contact  with  a  solid:  "The  friction  on  any  given  unit  of  surface 
will  increase  as  the  square  of  the  velocity."  An  attempt  is  made 
to  prove  by  theory,  and  to  substantiate  by  a  limited  numlier  of 
pipe  experiments,  that,  if  z'  =  r^/r'V-^'>  <^  will  remain  constant. 

All  of  these  papers  and  discussions  make  the  assumption 
that,  in  all  experiments,  the  curve  representing  the  relation  be- 
tween friction  and  velocity,  if  plotted  from  the  actual  observation, 
will  pass  through  the  origin.  The  author  believes  this  assump- 
tion to  be  generally  somewhat  in  error.  As  has  been  explained 
before,  if  a  series  of  observations,  as  plotted  on  the  following 
plates,  fall  in  a  straight  line  passing  through  the  origin,  f-  x  //^: 
If  the  following  plates  are  carefully  examined,  it  will  be  found 
that  most  of  the  best  experiments  on  large  pipes  plot  straight, 
although  none  pass  exactly  through  the  origin.  There  arc  excep- 
tions, however,  in  the  smaller  sizes. 

Plate  19  shows  experiments  on  two  kinds  of  mill  hose,  by 
John  R.  Freeman.  M.  Am.  Soc.  C.  E.  (Transactions  of  the  Ameri- 
can Society  of  Civil  Engineers,  Vol.  XXI).  Their  accuracy  is 
be}-ond  question,  but  the  line  of  their  points  is  slightly  curved. 

Although  most  of  the  experiments  on  large  pipe  plot  straight, 
it  will  be  observed  that  many,  made  on  smaller  pipes,  are  more  or 
less  curved  (many  of  these  were  made  by  Mr.  Darcy;  see  Plates 
3,  5.  II,  13,  14  and   18),  and  some  of  those  which  the  author  has 
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reduced  to  straight  lines  show  a  sHght  arc.  This  indicates  that 
Hf  does  not  vary  as  v"^.  In  several  sets,  a  line  passing  through 
the  observations  forms  a  sine  curve,  which  appears  much  plainer 
if  plotted  to  a  larger  scale.  (See  Plate  5,  No.  11;  Plate  7,  Nos. 
19,  20  and  21;  Plate  8,  No.  23;  Plate  11,  No.  30;  Plate  12,  No.  29; 
Plate  13,  Nos.  35  and  37;  Plate  16,  No.  40,  and  Plate  17,  Nos.  44 
and  45.)  These  have  all  been  averaged  straight,  as  the  variation 
is  so  slight.  It  must  be  admitted,  however,  that  whether  straight, 
as  the  larger  pipes  show,  or  slightly  curved,  as  a  few  of  unques- 
tionable accuracy  plot,  they  should  pass  through  the  origin;  for, 
if  there  is  no  velocit}^  there  should  be  no  friction.  In  other 
words,  if  V  and  H/  are  plotted  on  cross-section  paper,  a  curve  is 
the  result.  If  it  does  not  pass  through  the  origin  it  should  be 
moved  in  some  way  until  it  does;  or,  if  //-„  is  plotted  with  ///, 
as  shown  on  the  accompanying  plates,  the  line,  whether  straight 
or  curved,  passing  through  these  points  must  pass  through  the 
origin  if  we  eliminate  what  error  we  can.  If  a  straight  line  will 
represent  an  average  of  the  points,  the  constant  in  its  equation 
should  be  eliminated,  thus  making  c  (in  Chezy  formula  or  any 
other  formula  of  the  form  v  =  cr-^  s^ ,  in  which  3;  =  2)  constant  for 
all  velocities;  or,  if  slightly  curved,  this  curve  should  be  moved 
until  it  passes  through  the  origin,  whence  c  will  vary  slightly  with 
different  velocities,  although  much  less  than  has  generally  been 
computed.  When  co-efficients  in  any  formula  for  the  friction  in 
pipes  are  obtained  for  each  observation,  they  will  generally  be 
found  to  be  of  much  less  practical  value  than  when  the  entire 
set  is  taken  as  a  whole,  and  when  one  co-efBcient  is  deduced, 
representing,  as  nearly  as  may  be  determined,  a  general  average 
after  making  all  possible  corrections. 

All  values  of  a  (Hf  =  aHv  zt  h),  and  c  (v  =  c\'rs),  as  pub- 
lished in  the  table,  are  shown  graphically  on  Plate  21,  and,  if 
examined  carefully  in  connection  with  the  other  plates,  many 
peculiar  variations  will  be  noted  which  can  hardly  be  accounted 
for  by  reasons  ordinarily  advanced. 

The  following  are  a  few  velocities,  with  their  respective  ve- 
locity heads,  which  may  aid  in  imderstanding  the  plates: 

Velocity  in  Feet  \eIority  Head 

per  Second  (v).  in  Feet  (Hv). 

0.5  0.0039 

i.o  0.0155 

1.5  0.0349 

2.0  0.0621 

2.5  0.0970 

3.0  ■  0.1398 

4.0  0.2485 

5.0  0.3882 

6.0  0.5590 

7.0  0.7609 

8.0  0.9938 
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I-XXI 
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340-344 
345-J(S 
549-354 
259-2:0 

Hydraulics. 

Grat.  Sol.  or  Hyd.  Pr 
/  Trans.  Am.  Soc.  1 
t        C.  E.,  1896.       1 

Hydraulics. 

llSExperimems. 
f    Rochester  Am.    1 
1        Ros..  1897.       f 
1  Trans.  Am.  Soc.  ) 
1       C.  E..  1897.       ( 
(  Trans.  Am.  Soc.  I 
1       CE.,1899.       } 
115  Experiments. 

Hydraulics, 

„ 

,Vater-Supply.  Eng. 

Trans.  Am.  Soc.l 

(       C.  E..  1897.      1 

.85,9. 

Trans.  Am.  Soc.  1 
C.  E.,  1893.       } 

Hydraulics, 

•■ 

;; 

Trans.  Am.  Soc. 
C.  E.  Vol.  21. 

H.  Smith,  Jr 

blems,  Coffin. 
Fitsgerald. 

H.  Smith.  Jr. 
Herscbel. 

Darcy. 
Iben. 

Lampe. 
Steams. 
Darcy. 

F.  C.  Collin. 
Fitsgerald. 

H.Smith,  Jr. 

Herschel. 

Kuichling. 
Marx  Wing 
&  Hoskins, 

Herschel, 
Darcy, 

H.  Smith,  Jr, 

Bossut, 

Darcy. 

H.Smith.  Jr. 
Darcy&Basin 

1849-51 

0-3-10.7 

o-5-'5-4 

0-7-16.J 

J-6-  3-1 

1.6-  3.1 
2.6-  6.2 

0.4-  3-7 
0.4-  3,7 
0.6-  5.0 
1.0-13.6 
0.9-14.7 

o:i:-;:S 

0,3-  3-5 

3|f:l 

2.1-  5.0 
0.5-  1-2 
0,5-  3.8 

0.5-  4.5 

0.3-  7:2 
0.2-  8.5 
0.3-12.8 
0.6-19.7 
2,3-  6.9 
0.9-  4,3 

1.1-  4-3 

0-2-  5^5 
0.4-  7.6 
1,7-  4,0 

■•2-  5.3 
■-2-  5-3 

0,9-  4.0 

0.5-  3.6 

1.2-  4.9 
■-2-  5-3 
3-9-  7-0 

0-5-  6!9 
1-4-  3-7 
■0-  5-3 

2^2-  5-4 
3.5-19.0 

Tank. 

;; 

Reser\-oir 
Weir 
Tank. 

1  Castlron. 

■• 
Riveted. 

Wrl.  Iron. 

Tin. 
Lead. 
Wood. 

Iron. 
Stave, 

Brick, 
Tin, 
Lead. 
S.  Iron, 

Glass. 
Cast  Iron. 
Wit.  Iron. 

Hose. 

0.2687 

1.004 

1-373 
0-1179 
0-2628 

4.00 

1.056 
1.230 
3.50 
3.167 
6.02 
6.02 
8.58 

Si 

oio"! 

0.0853 
0.1184 
0.1785 
0.0886 
0.1345 

0.105  J 
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6.03 

t  Circular  f 
0.0881 

S:?l|, 
1,6404 
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0.0876 
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f  25,444101 

131.719.0 1 

■747.2 
374.9 
374.9 
3g.3 

365.3 
365.3 
365.3 
12.700 

1615.7 
1615,7 
1615.7 
1615.7 

Piirf 

.  684.4101 

1 719.9  / 

81139,0 

46339.0 

{ *^'v '°  i 

4367.101 

ltl.BS 
374.6 
372.2 

IP 
60.247. 

172:4 
63.05 
I03.6S 
195.00 

a 
2710-0 

J2672.0 

2534-0 

/    65.46    1 

1  13.301  ; 

iH 
60.172.0 

6o;564.0 

95-290 
45,003 

II 

3,113 
625-390 

311:897 
112-973 
57-021 
33.601 
24.376 
33-425 
5-544 

5.911 
5.457 
3172 

30.177 
18.495 
13-742 
6.076 
6.349 
3,869 
3.850 
2,657 
1459.66 
380.91 
198.786 
60.804 

3^:618 
463.816 

189.290 
126.772 
177:606 

s"5;i 
9.654 

V,:Ul 
13.454 
3,657 
3.803 
3.834 
1.4916 

+  0,305 
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-I-  0.523 
+  0.061 
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—  0.177 
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—0.004 
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-f  0.9584 

+  0.051 
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+  0.035S 

+  2.667 
+  2.1316 
+  I.S46 

+  2.501 

+  0.765 
+  7.411 
+  2.465 

+ 1.119 

+  1.1754 

+  2.204 
+  2.170 

+  0.337 
+  0.017 

=i:il 

+  0.017 

—  0.0313 

—  0.0188 
+  0.0079 
-0.049 
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143-8 
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m 

93-2 
75-3 
97-7 

97:1 
107.8 

'Zi 
142.5 

115.4 
122.8 
12J.5 

113.2 
105.6 

66.4 

125.0 

131.7 

S:? 

106.7 
98.3 
103.9 
68.0 
iij:8 
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75.1 
94,1 
99-3 

S:3 
110.5 
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1 

98,6 
88.0 
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107.1 
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100.5 

|l 
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5 
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6 
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Tank. 
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Tank. 
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73,4 
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2  years  old. 

New. 

New  drawn. 

New;  coated  with  asphaUum. 

Partly  coated  with  asphaltum. 
Part  old;  part  new. 

Tin :  straight. 

Lead;  new. 

New;  wood-bored. 
2,625  X  1-64  wooden  pipe. 

1.575x0.^  ::    :: 

Wrought  iron  ;  cement  lined. 
Stave-pipe;  new. 

"           2  years  old. 

New;  common  brick;  good  joints. 

Tin  pipe. 
Lead  pipe. 
Sheet-iron,  coated  with  bitumen. 

New ;  glass. 

9»-'JS, 
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.1'*.!I5 
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2W-3W 

Marx  Wing      Marx  Wing 
St  Htiskins       &  Hoskins 

Beiizeiiberg.    Benzenberg. 
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".,                   Darcy. 
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;- 

67.6 
48.4 
44.8 

99.4 
a? 
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DISCUSSION. 
Mr.  Allen  Hazen. — The  paper  of  Mr.  Fenkell  takes  up 
some  very  interesting-  problems  of  the  flow  of  water  in  pipes.  The 
method  of  plotting  the  velocity  heads  with  the  friction  heads  is  most 
interesting.  The  observation  that  the  points  so  plotted  are  gener- 
ally in  a  straight  line,  and  the  supposition  that  the  distance  which 
this  line  passes  from  the  origin  represents  constant  error  and  can 
be  eliminated  by  drawing  another  line  parallel  to  it  and  through 
the  origin,  is  very  interesting  and  undoubtedly  correct  in  some 
cases. 

The  question  of  the  revision  of  the  formula  of  the  flow  of 
water  in  pipes  is  always  interesting.  If  we  take  the  general  for- 
nuila  \'  :=  CR^  S^',  suggested  by  Tutton  in  the  Journal  of  the 
Association  of  Engineering  Societies,  Vol.  XIII,  page  151,  it 
will  be  agreed  by  every  one  that  the  value  of  C  is  not  constant, 
but  must  vary  according  to  the  condition  of  the  surface  of  the 
pipe  and  other  circumstances;  but  perhaps  the  variation  depends 
more  upon  the  accuracy  with  which  the  values  of  x  and  y  are 
taken  than  upon  any  other  conditions.  If  correct  values  of  x  and  y 
are  taken.  C  will  vary  but  little  for  a  given  condition  of  interior 
surface,  while  with  values  of  x  and  y  far  from  the  truth  the  varia- 
tions in  C  will  be  greater  and  more  difficult  of  analysis. 

In  the  Chezy  formula  x  and  y  are  each  taken  as  0.50.  This 
value  for  y  appears  approximately  correct.  For  x  it  is  certainly 
too  low,  for  the  value  of  C  increases  with  the  value  of  R  with 
considerable  regularity.  In  Kutter's  formula  for  determining  the 
value  of  C  in  the  Chezy  fornuila,  C  is  made  to  increase  with  R,  and 
to  such  an  extent  that,  for  ordinary  pipe  sizes,  and  with  other 
conditions  remaining  the  same,  V  varies  nearly  as  R°-"s.  In 
Sullivan's  formula,  which  is  mentioned  by  Mr.  Fenkell,  x  is  taken 
as  0.75.  As  a  matter  of  fact,  I  believe  that  0.75  is  nearly  as  much 
too  large  as  0.50  is  too  small.  Tutton,  as  a  result  of  a  discussion 
of  old  data  by  a  new  and  very  interesting  mathematical  method, 
found,  for  iron  pipe,  x  =  0.66. 

A  method  of  estimating  the  value  of  x,  which  occurred  to 
the  author  before  he  saw  Tutton's  paper,  and  which  resembles 
somewhat  Tutton's  method,  although  the  procedure  is  a  little 
different,  is  the  following:  The  value  of  y  is  assumed  to  be  0.50, 
and  on  this  assumption  the  velocity  of  water  in  each  size  of  pipe 
is  computed  for  S  =  o.ooi.  That  is  to  say,  for  the  purpose  of  dis- 
cussion, the  various  experiments  are  reduced  to  a  constant  value 
for  S.  This  slope  of  i  in  1000  was  selected  as  convenient  and  as 
lepresenting  approximately  the  average  slope  in  actual  work, 


i64  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

although  this  is  not  essential  The  velocities  for  S  =  o.ooi  are 
then  plotted  on  logarithmic  paper  with  the  sizes  of  pipe  in  inches. 
If  the  points  should  prove  to  be  in  an  approximately  straight  line, 
the  values  of  x  and  C  could  be  determined  from  it  and  would  be 
constant.  Such  a  diagram,  showing  the  results  given  in  Fenkell's 
paper,  is  given  herewith  (Plate  22).  I  have  followed  Fenkell  in 
his  computation  of  constant  error,  and  have  taken  into  account 
only  the  value  of  the  ratio  between  the  velocity  head  and  the 
friction,  and  from  this  I  have  computed,  in  each  case,  the  velocity 
for  S  =  O.OOI.  I  have  also  plotted,  upon  the  same  scale,  veloci- 
ties given  by  Fanning  for  this  slope,  with  the  various  sizes  of 
pipe,  and  also  the  velocities  shown  by  Weston's  tables.  Weston's 
tables  do  not  show  the  precise  velocity  corresponding  to  a  slope 
of  I  in  1000,  so  this  value  has  been  computed  from  the  nearest 
values  given.  The  corresponding  velocities,  computed  by  Kut- 
ter's  formula,  with  n  respectively  0.009,  o.oii,  0.013  ^"d  0.015, 
are  also  shown.  This  diagram  shows  clearly  that  Kutter's  for- 
mula is  not  adapted  to  the  computation  of  the  flow  of  water 
through  pipes,  as  with  it  the  value  of  n  varies  almost  as  much  as 
the  value  of  C  varies  in  Chezy's  formula;  and  the  use  of  Kutter's 
formula  thus  increases  the  complexity  of  computation  without 
increasing  the  accuracy. 

The  tables  of  Weston  and  Fanning  agree  in  a  general  way 
with  each  other,  and  with  the  experimental  results  herewith 
shown;  but  the  minor  curves  in  them  are  hardly  warranted  by  any 
experimental  data,  and  probably  the  straight  line  corresponding 
to  the  formula  V  =  130  R°-^'5S  o-so  ^  which  I  have  added,  and 
which  differs  but  little  from  them,  is  quite  as  accurate  and  more 
consistent. 

It  is,  of  course,  not  to  be  supposed  that  any  formula  could  be 
derived  in  which  the  value  of  C  would  be  constant ;  but  if  a  for- 
mula should  come  into  use  in  which  the  value  of  x  was  more 
nearly  correct  than  in  the  Chezy  formula,  the  variations  in  C 
would  be  correspondingly  reduced,  and  discussion  of  results 
would  become  more  satisfactory  and  more  likely  to  lead  to  a 
correct  understanding  of  the  conditions  controlling  the  flow.  The 
value  of  X  is  certainly  more  than  0.50  and  less  than  0.75.  Perhaps 
the  existing  data  are  not  such  as  to  warrant  a  very  close  approxi- 
mation to  an  average  value;  but  a  figure  could  certainly  be 
taken  which  is  more  nearly  correct  than  the  0.50  used  in  the  Chezy 
formula.  It  may  be  that  originally  the  convenience  in  computa- 
tion led  to  the  selection  of  the  exponent  0.50;  but,  with  the 
facilities  afTorded  by  slide  rules  and  logarithmic  paper,  there  is 
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certainly  no  longer  reason  for  continuing  to  use  a  round  but 
incorrect  figure  because  of  the  facility  of  computation. 

In  connection  with  the  flow  in  very  small  pipes,  it  should  be 
remembered  that,  with  capillary  tubes,  .v  becomes  2  and  3;  be- 
comes I,  while  the  value  of  C  depends  in  large  measure  upon  the 
temperature  of  the  water  and  its  consequent  viscosity.  The  con- 
ditions which  control  the  friction  in  such  tubes  are  undoubtedly 
quite  different  from  those  in  large  pipes,  but  it  may  be  expected 
that  the  values  of  .r  and  y  will  increase  somewhat  with  very  small 
pipes.  Darcy's  formula  takes  this  into  account  in  some  measure, 
and  new  experimental  investigations  of  the  friction  in  small  pipes 
would  be  of  considerable  interest. 

In  computing  the  actual  flow  of  water  through  pipe  lines,  the 
following  procedure  has  been  found  convenient:  A  table  is  pre- 
pared of  the  velocities  and  discharges  in  gallons  per  24  hours  for 
pipes  of  various  sizes  when  the  slope  equals  0.001 .  To  this  is 
added  a  column  showing  those  lengths  of  pipe  in  feet,  in  which 
the  frictional  loss  is  equal  to  the  velocity  head.  As  both  the 
friction  and  the  velocity  head  increase  as  the  square  of  the  ve- 
locity, this  length  is  the  same  for  all  velocities.  The  following 
is  such  a  table,  based  upon  the  heavy  line  in  the  diagram: 


V  =  130  RO .62550.50. 


TABLE    No.  2. 

Flow  of  Water  in  Pipes. 

When  S  =  o.ooi. 


Diameter  in 
Inches. 

Velocity, 
Feel  per  Second. 

Gallons  Daily. 

No.  of  Feet  of  Pipe 
in  which  Friction 
Head  is  Ecjual  to 

the  Velocity  Head. 

I 

2 

0-37 
0.56 

1,300 
8,000 

2 

5 

3 

4 
6 

0.73 
0.87 
1. 12 

23,000 
49,000 
142,000 

8 
12 
20 

8 

1-34 

303,000 

28 

10 
12 
16 
20 

1-54 
1-73 
2.07 

2.38 

544,000 

877,000 

1,867,000 

3,354,000 

37 
47 
67 

89 

24 
30 
36 
42 
48 

2.67 
3.06 

3-43 
3-78 
4.11 

5,412,000 

9,720,000 

15,690,000 

23,510,000 

33,400,000 

III 

147 
184 
224 

264 

54 
60 

4.42 
4-73 

45,500,000 
60,000,000 

306 
350 

72 
84 
96 

530 
5-83 
6.34 

97,000,000 
145,000,000 
206,000,000 

440 

533 
630 
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This  table  is  used  with  the  shde  rule  as  follows:  The  loss 
of  head  due  to  bends  in  pipe,  entrance  velocity,  etc.,  in  addition 
to  the  loss  by  friction  in  straight  pipe,  is  usually  expressed  in 
multiples  and  fractions  of  the  velocity  head.  These  fractions  are 
computed  in  the  usual  way  and  added  up  for  the  entire  line,  and 
the  sum  is  multiplied  by  the  length  of  pipe  in  the  last  column.  The 
length  so  obtained  is  the  length  of  straight  pipe  in  which  the  fric- 
tion loss  is  equal  to  the  additional  losses  in  the  particular  case 
under  consideration.  In  other  words  all  loss  of  head  due  to  special 
resistance  is  reduced  to  an  equal  loss  by  friction  in  straight  pipe. 
This  computed  length  is  added  to  the  actual  length  of  pipe,  giving 
the  length  of  straight  pipe  of  equal  resistance  to  the  actual  pipe 
line  with  bends,  etc.  One-thousandth  of  this  length  is  the  loss 
of  head  in  feet,  when  the  velocity  and  discharge  are  the  amounts 
shown  for  that  size  pipe  in  the  table.  The  index  of  a  slide  rule  is 
put  upon  this  amount  (that  is,  the  head)  on  the  upper  scale,  and 
the  moving  part  is  set  so  that  the  marker  shows  the  discharge  in 
gallons,  or  the  velocity  in  feet  per  second,  on  the  lower  or  square 
root  scale.  If  another  value  of  C  is  desired,  as,  for  instance, 
100  instead  of  130,  for  steel  pipe  or  old  tuberculated  pipe,  the 
scale  can  be  moved  a  corresponding  amount.  The  index  can  then 
be  moved  to  show  other  heads  and  quantities,  which  can  be  taken 
ofif  without  further  setting.  This  short  table  is  readily  put  in  a 
notebook,  and  with  it  and  a  slide  rule  the  flow  of  water  in  pipes 
can  be  computed  quickly  and  perhaps  as  accurately  as  by  other 
methods. 

Mr.  Clarence  W.  Hubbell. — The  writer  desires  to  add  his 
testimony  to  the  statement  of  the  author  that  the  failure  of  the 
locus  of  the  ratio  existing  between  velocity  head  and  frictional  loss, 
to  pass  through  the  origin,  indicates  the  presence  of  an  initial  error 
which  should  be  eliminated  before  final  reductions  are  made  and 
conclusions  drawn  therefrom.  During  the  past  two  years  the 
writer  has  conducted  a  number  of  experiments  on  comparatively 
short  lengths  of  cast  iron  water  pipe  connected  with  the  distribu- 
tion system  of  the  Detroit  Water  Works,  in  which  very  delicate, 
specially  designed  and  carefully  calibrated  difference  gages  were 
used,  capable  of  indicating  a  loss  of  head  corresponding  to  0.002  of 
a  foot  of  water  on  single  readings,  and  much  closer  results  when  a 
number  of  readings  were  averaged.  It  was  in  each  case  possible  to 
test  the  gages  and  gage  connections  under  a  condition  of  absolutely 
no  flow,  which  should  have  given  zero  readings.  The  gages,  how- 
ever, could  seldom  be  brought  to  read  absolute  zero,  although 
a  careful  inspection  would  frequently  bring  to  light  some  unsus- 
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pected  leak  or  air  bubble,  tbo  elimination  of  wbicli  tended  to  cor- 
rect the  apparent  error. 

In  a  series  of  observations  on  twenty-one  consecutive  sec- 
tions of  30-inch  pipe,  the  longest  section  being  667.86  feet  and 
the  shortest  23.51  feet,  the  observed  frictional  loss,  with  abso- 
lutely no  flow,  was:  In  four  lengths,  zero;  in  seven  lengths, 
positive;  in  ten  lengths,  negative. 

If  the  gages  had  never  indicated  zero,  or  if  the  apparent  error 
had  always  been  of  the  same  sign,  the  failure  to  close  might 
have  been  explained  by  some  theory  of  internal  motion.  Under 
the  circumstances,  however,  the  only  reasonable  explanation 
seems  to  be  that  an  initial  error  did  exist  in  the  gages  or  gage 
connections.  In  almost  every  case  it  has  been  found  necessary 
to  eliminate  the  initial  error  in  order  to  obtain  comparable  results. 
In  short  lengths  of  large  pipe,  the  error,  while  small  in  actual 
quantity,  was  frequently  equal  to  the  frictional  loss  corresponding 
to  an  initial  velocity  of  one  foot  per  second, 

A  constant  initial  error  can  be  readily  eliminated  by  the 
method  adopted  by  the  author,  if  the  assumption  that  H/  ^  H-,, 
holds  true;  and  this  assumption  seems  to  be  fairly  well  estab- 
lished, within  reasonable  limits  of  error,  for  sizes  of  pipe  above 
12  inches  in  diameter. 

However,   errors  which  do   not  remain  constant  during  a 

TT 

series  of  observations  tend  to  make  the  locus  of     ^j"    a  curved 

line,  and  therefore  cannot  be  eliminated  by  such  a  simple  method. 
Indeed,  it  is  usually  impossible  to  eliminate  such  errors  by  any 
process  of  reduction  whatever. 

,  ,  ...,,.  .      Hf       ,  lofr  Hf- 

As  to  the  two  methods  or  plottmg, — i.e.,  ^7  and  ,°     j. — , 

^  °  Hv  log.   V 

the  writer  believes  that  each  system  has  its  strong  and  its  weak 
points.  The  first  method  (that  adopted  by  the  author)  exag- 
gerates errors  at  the  upper  end  of  the  series  and  minimizes  those 
near  the  zero  point,  which  seems  to  the  writer  preferable  to  the 
exactly  opposite  tendency  of  the  second  method. 

Again,  the  first  method  will  detect  and  eliminate  any  initial 
error  w'hich  remains  constant  throughout  a  series  of  observa- 
tions, w-hile  the  presence  of  such  an  error  will  cause  the  locus 
obtained  by  the  second  method  to  be  a  curved  line  convex  on  the 
upper  side  (log.  Hf  vertical    ordinate)  : 

(i)  When  Hf,  as  observed,  contains  a  negative  error  or  is 
less  than  the  true  frictional  loss. 

(2)  When  the  velocity  contains  a  positive  error,  or  is  greater 
than  the  true  velocity,  and  concave  on  the  upper  side : 
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(3)  When  Hf,  as  observed,  contains  a  positive  error  or  is 
•greater  than  the  true  frictional  loss. 

(4)  When  the  observed  velocity  contains  a  negative  error 
or  is  less  than  the  true  velocity. 

On  the  other  hand,  as  stated  by  the  author,  if  no  errors  be 
present  in  the  observations,  a  curved  line,  obtained  by  the  first 
method,  indicates  that  the  frictional  loss  does  not  vary  as  the 
square  of  the  velocity,  but  according  to  some  other  power  which 
may  be  obtained  by  the  second  method.  It  therefore  seems  to 
the  writer  that,  taking  everything  into  consideration,  the  best 
general  results  are  likely  to  be  obtained  by  using  the  first  method 
in  reducing  observations  on  pipes  of  large  diameter,  and  the 
second  method  for  those  of  small  diameter,  while  in  certain 
cases  a  combination  of  both  methods  may  be  used  to  advantage. 


PLATE    23 

0.002  0.004  0.006  0.003  0.01  0.012  0.  OH  0.016 


LOG.    OF  VELOCITY 


The  method  used  by  the  author  in  determining  the  average 
straight  line,  represented  by  a  number  of  observed  points,  has 
one  thing  in  its  favor  not  mentioned  by  him, — viz,  the  fact 
that  numerical  results  obtained  are  checked  graphically  where 
the  three  points  are  plotted.  For,  if  they  fall  in  an  absolutely 
straight  line,  it  is  sufficient  proof  that  no  appreciable  errors  have 
entered  into  the  derivation  of  ordinates;  while,  on  the  other  hand, 
if  they  fail  to  fall  in  a  straight  line  by  ever  so  little,  it  is  at  once 
apparent  that  the  reductions  are  in  error  and  must  be  recom- 
puted. 

Plate  23  gives  the  results  of  an  experiment  on  2000  feet  of 
12-inch  cast  iron  water  pipe  at  very  low  velocities.  The  frictional 
loss  was  determined  with  extreme  accuracy,  to  be  used  relatively 
with  other  results. 

Incidentally,  the  velocity  was  computed  from  the  register  of 
a    new   6-inch   Thomson   meter,    in   good    condition,    but   which 
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has  never  been  rated.  Errors,  if  any,  arc  those  (hie  to  the  error 
in  registry  of  an  ordinary  6-inch  Thomson  meter. 

The  observed  points  arc  numbered  and  plotted  by  l)oth 
methods,  thus  ilhistrating  the  exaggeration  of  each  system.  The 
vahie  of  C,  in  J'  =z  c\/rs,  is  115.9,  obtained  by  the  method  em- 
ployed by  the  author,  and  averaging  the  four  highest  points. 

The  results  are  also  given  in  Table  No.  3: 


TABLE  No.  3. 

Experiments  on  Flow  of  Water  through  2000  Feet  of  i2-inch  Tar- 
coated  Cast  Iron  Water  Pipe  Carefully  Laid  to  Level  Grade. 


No. 

Read- 
ings 
Taken. 

Loss  of  Head 
in  Feet  ( ///} 
per  2000  Ft. 

Lor.  ///. 

Velocity, 

Feet, 

per  Second. 

Log. 
Velocity. 

Velocity    Head 
in  Feet  {//v). 

in 
l=Cv  IS. 

34 

0.00102 

— 3.008600 

0.01050 

— 2. 021 189 

0.0000017 

29.41 

18 

0.00504 

—3.702431 

0.01790 

—2.252853 

0.0000049 

22.56 

29 

0.02268 

—2.355643 

0.13196 

—  1. 120574 

0.000269 — 

78.55 

28 

0.02516 

— 2. 4007 1 1 

O.15140 

— I. 180126 

0.000556  - 

85-39 

28 

0.08628 

—2.9359X0 

0.32586 

—  1. 513084 

0.001648-I- 

99.19 

30 

0.28209 

—  I.4503S8 

0.63158 

— 1.800442 

0.0062000 

106.32 

40 

0.48842 

—  1.688794 

0.85831 

—  1-933639 

O.OII449  ;- 

109.85 

3(^ 

0.72661 

— I.8613OI 

1.06685 

0.028124 

0.0176897 

II  1.90 

3« 

0.74832 

—  1.874088 

1. 08571 

0.035124 

0.0183208 

112.30 

Mr.  Gardner  S.  Williams. — Inasmuch  as  the  writer  was  in  a 
measure  responsible  for  starting  the  investigation,  the  results  of 
which  have  been  presented  in  the  paper  entitled  "A  Study  in  Hy- 
draulics," he  feels  that  he  may  very  properly  apologize  to  a  long- 
sufifering  public  for  the  presentation  again,  below,  of  experiments 
that  have  been  discussed  by  almost  every  writer  on  the  subject  of 
hydraulics  since  the  close  of  the  last  century.  No  one  realizes  more 
fully  than  he  that  if  one-half  the  time  and  energy  that  has  been  spent 
in  discussing  old  and  questionable  observations  had  been  expended 
in  making  reliable  ones,  the  science  of  hydraulics  would  be  much 
further  advanced  to-day,  and  no  one  more  heartily  appreciates  the 
feelings  of  an  eminent  hydraulic  engineer  who  recently  exclaimed : 
"In  the  name  of  nineteenth  century  progress  let  us  get  through  tell- 
ing what  the  Abbe  Bossut  did  in  1776."  Nevertheless,  if.  after 
all  its  threshing  over,  there  still  remain,  among  the  mass  of  chaff 
and  straw,  some  kernels  of  grain  that  have  escaped  the  sifting 
of  those  who  have  labored  before,  the  writer  feels  that  he  is 
warranted  in  making  one  more  examination  of  the  well-worn 
data,  and  having,  as  he  believes,  found  therein  some  evidence 
of  the  existence,  not  of  new  laws,  but  of  some  that  have  been 
apparently  forgotten,  or  overshadowed  by  more  recently  discovered 
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ones,  he  offers  this  as  his  excuse  for  calling  attention  again  to  those 
old  experiments  of  Bossut  and  others. 

The  assumption  that  the  loss  of  head  of  water  flowing  in  pipes 
of  uniform  cross  section  varies  as  the  square  of  the  velocity,  upon 
which  the  investigation  presented  by  the  author  is  based,  is  the 
same  as  that  upon  which  the  Chezy  and  nearly  every  other  flow 
formula  rests,  and  is  one  that  has  been  tacitly  accepted  with  prac- 
tical unanimity  in  nearly  all  hydraulic  discussions ;  and,  while  such 
acceptance  does  not  prove  the  assumption  to  be  correct,  it  never- 
theless goes  far  toward  showing  that,  for  the  cases  coming  within 
ordinary  practice,  it  is  not  very  seriously  in  error.  But  in  these 
days  of  rigorous  requirements  in  all  lines  of  investigations,  it  is 
in  every  way  desirable  that  the  correctness  or  incorrectness  of  all 
such  assumptions  be  determined,  and,  if  there  are  limits  to  the 
application  of  them,  that  those  limits  be  ascertained  as  well. 

The  plates  presented  by  the  author  show  that  in  many  of  the 
series  studied  the  line  Hf  =  a  ^v  does  not  pass  through  the 
origin,  and  this  the  author  attributes  to  errors  of  observation. 
Such  an  interpretation  is  probably,  in  a  measure,  correct  in  every 
case,  but  the  presence  of  an  intercept  ±  b  has  another  possible 
signification,  i.e.,  it  may  indicate  curvature  of  the  locus  which  is 
so  slight  as  to  be  imperceptible  except  close  to  the  origin,  or  in 
other  words  it  may  indicate  that  ^/  does  not  vary  exactly  as  ^v 
or  \  '.  Referring  to  Fig.  2,  Plate  24,  it  will  be  seen  that  if  J^/  oc 
V'"'"  there  is  an  intercept  -\-  h  =  0.7371 ;  if  ^^f  ^  ^^^^^  the  intercept 
is  +  b  =  0.5519;  \\  Hf  ^  V^-^^  the  intercept  +  b*^  =  0.3191,  and 
if  Hf  oc  V^  the  intercept  is  zero  and  the  line  passes  through  the 
origin.  From  this  it  is  at  once  apparent  that  the  presence  of  a 
negative  intercept  on  the  Hf  axis,  or  a  positive  one  on  the  velocity 
head  axis,  may  indicate  that  Hf  varies  as  a  higher  power  of  Vthan 
the  square.  In  examining  the  author's  plottings,  it  is  noticeable 
that  in  only  twelve  cases, — less  than  20  per  cent., — does  the  line 
Hf  =  a  Hv  ±  b  cut  the  velocity  head  axis;  i.e.,  have  a  negative 
b  and  in  all  of  these  except  14a  and  59  the  intercept  is  so  small 
that  it  may  almost  be  neglected.  In  59  it  will  be  noted  that  the 
diameter  is  very  great,  and  in  five  of  the  others  giving  a  negative 
b  the  diameter  is  greater  than  3  feet;  on  the  other  hand  the  +  b 
intercepts  are  numerous  and  many  of  them  of  considerable 
magnitude,  and  are  confined,  with  few  exceptions,  to  the  smaller 
sizes  of  pipe.  The  uniformity  with  which  these  +  b  intercepts 
appear  on  the  smaller  sizes  is  fair  ground  for  the  assumption  that 
they  are  due  to  something  more  than  errors  of  observation,  since  it 
is  hard  to  account  for  the  net  result  of  such  errors  being  always 
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of  the  same  sis:!i.  This,  taken  with  the  fact  jjointed  out  h\-  the 
author,  that  experiments  with  small  diameters  do  not  give  straii^ht 
lines  when  Ilf  is  plotted  to  the  velocity  head,  has  led  the  writer 
to  investif^'ate  this  phase  of  the  suhject  and  to  encjuire  whether  any 
relation  exists  hetween  the  diameter  and  the  exponent  of  \'  in 
Hf  =  M  I '"  and  if  so.  how  the  relation  is  affected  by  ronjjhness 
and  curvature  in  the  pipes. 

Reviewing^  the  history  of  the  matter  we  find  that  Prony,  about 
the  be.q'inninq-  of  the  present  century,  beg'an  to  recognize  the  fact 
that  the  losses  of  head  in  tlowint^  water  did  not  vary  exactly  as 
the  square  of  the  velocity,  and,  in  the  Proceedings  of  the  Royal 
Society  for  1808,  Dr.  Thomas  Young,  in  discussing  his  investiga- 
tions upon  the  flow  of  water  in  pipes,  says :  'T  began  by  examining 
the  velocities  of  the  water  discharged,  through  pipes  of  a  given 
diameter,  with  different  degrees  of  pressure,  and  I  found  that  the 
friction  could  not  be  represented  by  any  single  power  of  the 
velocity,  although  it  frequently  approached  to  the  proportion  of 
that  power  of  which  the  exponent  is  1.8,  but  that  it  appeared 
to  consist  of  two  parts,  the  one  varying  as  the  velocity  and  the  other 
as  its  square.  The  proportion  of  the  parts  to  each  other  must, 
however,  be  considered  as  different,  in  pipes  of  different  diameters, 
the  first  part  being  less  perceptible  in  large  pipes  or  in  rivers,  but 
becoming  greater  than  the  second  in  very  minute  tubes,  while  the 
second  also  becomes  greater  for  each  given  portion  of  the  internal 
surface  of  the  pipe,  as  the  diameter  is  diminished."  Dr.  Young 
had  at  his  disposal  only  the  experiments  of  Couplet,  Bossut,  Du- 
Buat,  Gerard,  Gerstner  and  himself,  all  of  which  were  made  with 
small  pipes,  except  those  of  Couplet,  which  were  confined  to  very 
low  velocities. 

In  1855,  before  the  Institution  of  Civil  Engineers,*  discussing 
DuBuat's  formula,  we  find  Mr.  Thomas  Hawksley  quoted  as  fol- 
lows : 

Reporter's  Abstract. — "?v[r.  Hawksley  was  not  aware  of  ever 
having  stated,  and  he  certainly  never  intended  it  to  be  understood, 
that  the  formula  was  applicable  to  all  cases.  It  was  applicable, 
however,  to  all  cases  which  fell  within  the  ordinary  practical  ap- 
plication of  hydraulic  science;  but  it  was  not  applicable  for  those 
extreme  cases  of  minute  diameter  and  sluggish  velocity,  in  which 
what  ought  to  be  really  termed  the  friction  of  w^ater,  required  to 
be  taken  into  account.  What  was  usually  denominated  friction, 
by  writers  on  hydraulic  science,  was  not  friction  at  all,  "but  was  a 
resistance  of  impact,  which  varied  as  the  square  of  velocity,  and 
*Min.  Proc.  Inst.  C.  E.,  1855. 
[19] 
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that  was  the  great  resistance  experienced  in  the  conduct  of  water, 
and  was  that  given  by  the  formula.  In  addition  to  this,  there 
was  another  resistance  which  only  varied  as  the  simple  velocit}', — 
the  resistance  of  adhesion  or  viscidity,  as  it  had  been  called,  but  in 
reality  of  friction  proper." 

But  having  got  so  far  in  the  explanation  of  phenomena  of 
flow,  Mr.  Ilawksley  was  led  astray  into  the  acceptance  of  the 
then  universally  adopted  theory  of  DuBuat,  of  the  fluid  envelope 
and  consequent  non-efl^ect  of  character  of  surface  of  the  inclosing 
conduit,  which  later  investigations,  particularly  those  of  Darcy, 
have  shown  to  be  wholly  erroneous.  The  idea  of  two  kinds  of 
resistance  to  be  dealt  with  is  considered  in  some  of  the  older 
formulcie  of  flow,  although  the  terms  providing  for  the  real  friction, 
were,  in  ordinary  cases,  so  insignificant  that  the  older  hydraulicians 
themselves  frequently  omitted  them,  and  in  the  popular  Chezy 
formula  they  are  wholly  unrecognizable,  the  variation  of  the  co- 
efficient C  being  relied  upon  to  provide  for  them.  ■  Mr.  Edmund  B. 
Weston,  member  American  Society  of  Civil  Engineers,  after  a 
very  painstaking  and  exhaustive  investigation  of  existing  experi- 
ments, published  in  Volume  XXII,  Transactions  American  Society 
of  Civil  Engineers,  concluded  that  the  formulae  which  best  fitted 
the  experiments  with  large  pipes  were  not  satisfactory  for  small 
ones,  and  for  such  pipes  proposed  a  formula  involving  A  '  and  V '^ 

The  writer  has  no  inclination  to  present  any  new  formulae  for 
the  flow  of  water  in  pipes ;  but,  continuing  in  the  line  of  Mr. 
Hawksley's  reasoning,  with  the  advantage  of  our  present  and  more 
correct  knowledge  of  the  influence  of  roughness  of  surface,  he 
would  call  attention  to  the  fact  that  the  recent  investigations  as  to 
the  elTect  of  such  roughness  have  in  a  measure  overlooked  the  co- 
existing effect  of  diameter.  Hamilton  Smith,  Jr.,  has  stated  that  C 
in  the  Chezy  formula  increases  with  the  diameter  and  with  the 
velocity.  If  the  deductions  of  the  author  are  correct,  or  even 
approximately  so,  they  force  us  to  account  for  the  variation  of  C 
by  the  changes  in  diameter  alone,  leaving  out,  for  the  present,  con- 
siderations of  roughness.  A  high  value  of  C  in  that  formula  gen- 
erally means  that  the  exponent  of  S  or  of  R  is  also  high,  while  a 
low  value  of  C  indicates  a  low  value  of  the  exponent  of  R  or  S,  R 
and  S  being  less  than  unity ;  for,  if  we  accept  as  correct  the  experi- 
mental data  in  any  case,  it  follows  that  V,  R  and  S  must  be  correct, 
and  therefore  the  variation  of  the  result  by  formula  from  the  ex- 
perimental one  is  due  to  errors  in  either  coefficient  or  exponent 
or  both,  and  any  change  in  one  may  be  compensated  by  corre- 
sponding change  in  the  other  for  any  specific  case. 
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Insomuch  as  there  is  a  very  widespread  misconception  regard- 
ing tlie  friction  of  liquids  upon  soHds,  for  which  the  text-l)ooks 
themselves  are  in  a  measure  responsible,  it  being  often  stated  that 
the  frictional  resistances  in  flowing  water  increase  as  the  square 
of  the  velocity,  it  may  be  well  to  draw  attention  to  the  fact,  quite 
clearly  proven  by  experiment,  that  the  friction  of  water  upon  a 
solid,  or  upon  itself  when  moving  in  straight  lines,  varies  nearly 
as  the  first  power,  and  not  as  the  square,  of  the  velocity.  The 
opposite  conception  is  at  the  foundation  of  a  recent  formula*  for 
the  flow  of  water,  which,  by  one  of  those  rare  circumstances  of 
two  errors  balancing  each  other,  gives,  in  its  resulting  values, 
some  remarkably  close  approximations  to  actual  conditions.  How- 
ever convenient  or  useful  this  formula  may  be  as  an  instrument, 
the  basis  upon  which  its  derivation  rests  is  radically  wrong. 

The  flow  of  water  through  capillary  tubes  affords  a  case  where 
internal  resistances,  those  due  to  impact,  must  be  almost  wholly 
obliterated,  and  the  loss  of  head  observed  must  therefore  be  prac- 
tically that  due  to  skin  friction,  and  all  the  accepted  experiments  in 
this  field  show  that  the  loss  of  head  varies  very  nearly  as  the  first 
power  of  the  velocity.  In  the  flow  of  water  through  fine  sands 
there  is  perhaps  a  more  perfect  example  of  the  effect  of  skin  fric- 
tion alone,  and  here  again  the  loss  of  head  is  found  to  vary  as 
the  first  power  of  the  velocity.  If  further  evidence  be  required, 
the  investigations  of  Prof.  Osborne  Reynolds  show  that  so  long  as 
the  motion  of  the  particles  of  water  in  a  pipe  is  rectilinear,  the 
loss  of  head  varies  with  the  first  power  of  the  velocity,  and  if  still 
more  is  asked  reference  may  be  made  to  the  experiments  of  Ren- 
nie.  Coulomb,  Beaufoy,  Froude  and  Unwin  with  various  surfaces 
dragged  or  rotated  in  still  water,  in  all  of  wdiich  the  evidence  is 
that  until  vibrations  are  set  up  in  the  ^vater  itself,  the  force  re- 
quired to  maintain  motion  varies  as  some  power  of  the  velocity 
much  below  the  second.  It  is  to  be  remarked  that  in  dragging 
or  rotating  any  body  in  still  water,  it  is  practically  impossible  to 
separate  the  force  overcoming  true  skin  friction  from  that  ex- 
pended in  creating  motion  in  the  adjacent  water,  and  for  this 
reason  it  is  only  at  extremely  low  velocities  that  we  would  find  the 
resistance  to  vary  with  as  low  a  power  as  the  first,  but  under  these 
circumstances  that  power  has  been  quite  closely  approximated. 

In  the  case  of  water  flowing  at  ordinary  velocities,  where  the 
impact  conditions  have  attained  their  normal  importance  the  true 
friction — that  varying  as  the  first  power  of  the  velocity — is  prob- 
ably restricted  mainly  to  the  particles  of  water  in  contact  with  the 

♦Sullivan's  Formula  V  =  CD  ^  S  '-^    with  C  =  50  for  cast  iron  pipe. 
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bounding  surface,  while  the  impact  efifects  extend  through  the 
whole  volume  of  the  liquid,  and  it  therefore  appears  that  the  ratio 
of  importance  of  the  two  forms  of  resistance  in  determining  the 
whole  loss  of  head  will  be  proportioned  nearly  to  the  ratio  of  the 
area  of  the  cross-section  to  the  wetted  perimeter,  which  is  R,  and  in 
circular  pipes  a  function  of  the  diameter  alone.  It  is  therefore 
seen  that  for  pipes  of  uniform  smoothness,  when  of  large  diameter, 
the  resistance  at  the  circumference  is  quite  insignificant  as  com- 
pared with  that  in  the  interior,  and  that  for  very  small  pipes  the 
condition  is  reversed,  and  it  may  be  consequently  expected  that  if 
in  the  equation  H/  ^=  mv"-  —  in  which  Hf  is  the  loss  of  head  due 
to  both  forms  of  resistance, — i.e.,  that  usually  indicated  by  the  fall 
of  pressure  between  two  points  in  a  closed  pipe  of  uniform  section 
after  regular  flow  has  become  established,  and  V  is  the  mean 
velocity  of  flow,  and  m  a  coefficient, — the  value  of  n  the  exponent 
of  V  i^  determined,  it  would  range  from  unity  for  capillary  tubes 
as  found  by  Poiseuille  and  others,  to  nearly  2  for  large  pipes,  as 
demonstrated  by  the  author's  plottings. 

Considering  now  the  effect  of  roughness  on  this  exponent,  it 
may  perhaps  appear  at  first  sight,  that  since  the  true  friction 
must  be  greater  in  a  rough  than  in  a  smooth  pipe,  the  effect  of  in- 
creased roughness  while  undoubtedly  increasing  the  coefficient  m 
would  be  to  decrease  the  exponent  n.  On  the  other  hand  it  may 
also  appear  that  a  roughened  surface  will  add  to  the  internal  re- 
sistances, and  the  increase  in  that  function  on  that  account  may 
balance  or  even  exceed  the  increase  of  the  true  friction,  and  the 
exponent  remain  unchanged  or  be  increased.  So  it  is  hardly  safe 
to  prophesy  the  result  of  increased  roughness  without  a  careful 
experimental  examination  of  the  matter,  and  the  latter  is  extremely 
difficult  to  manipulate  in  such  a  way  as  to  afford  the  kind  of  evi- 
dence sought  in  the  present  case.  The  especial  difficulty  lies  in 
the  determination  of  a  unit  of  roughness  for  it  may  be  readily 
conceived  that  any  number  of  pipes  may  have  the  same  mean  sec- 
tions and  yet  have  their  maximum  and  minimum  sections  vary  to 
an  almost  unlimited  extent,  so  in  dealing  with  the  experimental  data 
at  hand  no  very  definite  agreements  can  be  expected  in  the  results  of 
observations  upon  rough  or  tuberculated  pipes. 

For  such  an  investigation  of  the  question  H/  =  77?7'"  as  is  pro- 
posed above,  the  most  convenient  method  is  by  plotting  the  corre- 
sponding logarithmic  equation,  which  is :  log  H/  =  log  (uiv") 
=  log  in  -f-  n  log  V  and  if  n  and  in  are  constants  this  is  seen  to  be 
the  equation  of  a  straight  line,  it  being  of  the  general  form  3,'  =  ax 
-\-  b,  and  therefore  the  tangent  of  the  inclination  of  the  line  to  the 
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axis  of  .1"  is  the  value  of  n  and  the  length  of  the  ordinate  log  H/  at 
fl'  =  I  or  log  V  =  o)  is  log  in.  This  equation  may,  of  course, 
be  plotted  and  the  results  deduced  by  the  use  of  a  table  of 
logarithms  and  ordinary  cross-section  paper,  but  by  the  use  of 
logarithmic  cross-section  paper,  for  which  the  writer  is  indebted 
to  Mr.  John  R.  Freeman,  Member  American  Society  of  Civil 
Engineers,  the  labor  can  be  considerably  reduced,  without  a  great 
sacrifice  of  accuracy,  and  it  is  by  this  means  that  the  results  about 
to  be  presented  have  been  obtained.  In  estimating  their  value  it  is 
to  be  remembered  that  this  method  in  no  way  provides  for  the 
condition  which  the  author  has  shown  to  frequently  exist,  of  there 
being,  as  he  concludes,  a  constant  error  in  the  observations  of  one 
sign,  so  that  the  experimental  locus  does  not  pass  through  the 
origin,  and  consequently  the  exponent  value  may  be  considerably 
affected  by  such  causes  without  the  reason  being  detected. 

The  writer  has  examined  the  results  of  over  sixty  series  of 
experiments  upon  pipes  with  diameters  ranging  from  0.00575  ^^^^ 
to  0.9744  feet,  made  by  fifteen  dift'erent  investigators  under  quite 
varying  conditions. 

The  results  of  a  part  of  these  investigations  are  presented 
in  the  accompanying  table  No.  6,  and  are  also  represented  graph- 
ically on  Plate  24,  Fig.  i. 

In  dealing  with  these  experiments  it  must  be  remembered  that 
they  have  been  made  under  two  quite  different  plans  of  observation. 
The  first  and  oldest  is  that  of  allowing  the  water  to  flow  from  a 
reservoir  into  the  pipe  and  to  discharge  either  into  the  open  air  or 
beneath  the  surface  of  water  in  a  second  reservoir,  the  loss  of 
head  measured  being  that  between  the  surfaces  of  water  in  the 
two  reservoirs,  or,  when  into  air,  between  the  center  of  the  section 
of  discharge  and  the  surface  in  the  feeding  reservoir.  The  head 
so  obtained  is  then  corrected  by  the  subtraction  of  the  head  re- 
quired to  produce  the  observed  velocity  and  for  an  assumed  loss 
due  to  the  contraction  at  entry,  the  remainder  being  assumed  to 
represent  the  loss  of  head  in  the  pipe  alone.  This  is  the  method 
of  Couplet,  Bossut,  DuBuat,  Leslie  and  Hamilton  Smith,  Jr.,  the 
latter  especially  favoring  it,  and  strongly  (though  it  seems  not 
with  entire  justification)  condemning  the  second  method,  that  of 
Darcy,  Jacobson,  Rowland  and  Freeman,  which  consists  of  ob- 
serving, by  means  of  radial  perforations  in  the  pipe  wall,  the  heads 
at  diff'erent  points  in  the  pipe  experimented  upon,  and  by  their 
difference  obtaining  directly  the  loss  of  head  from  one  point  to  an- 
other. In  the  writer's  opinion,  when  the  piezometric  openings  and 
the   section   experimented   upon   are  properly   located,   the  latter 


A  STUDY  IN  HYDRAULICS.  177 

method  is  to  be  preferred.  As  to  the  method  of  measuring  the  dis- 
charge, whether  by  weight  or  vohime,  it  has  been  passed  upon 
and  accepted  by  Hamihon  Smith,  Jr.,  in  nearly  all  the  cases  cited, 
and  in  most  of  the  remaining  ones  the  intrinsic  evidence  of  the 
results  of  the  experiments  when  plotted  goes  far  to  establish  the 
accuracy  of  the  observed  quantities. 

It  is  conceived  that  less  confidence  is  to  be  placed  in  experi- 
ments upon  short  lengths  of  pipes  when  made  by  the  former  of 
the  two  methods  described,  because  it  seems  doubtful  whether  the 
effect  of  entry  has  ever  been  accurately  determined  or  properly 
explained,  and  any  error  in  allowing  for  this  will  have  a  greater  in- 
fluence upon  the  results  in  short  than  in  longer  pipes.  For  this 
reason  greater  weight  is  given  to  the  work  of  Darcy  than  to  that 
of  the  other  observers,  as  from  his  work  it  is  possible  to  take  the 
loss  of  head  in  a  section  of  pipe  of  a  good  length  that  is  preceded 
by  a  longer  section  in  which  the  effect  of  entry  has  had  a  fair 
chance  to  work  itself  out,  and  it  may  therefore  be  expected  that 
the  loss  of  head  obtained  will  be  the  true  less  under  consideration, 
unaffected  by  any  but  normal  conditions. 

Darcy 's  pipes  were  attached  to  the  end  of  a  closed  cylinder 
3.28  feet  in  diameter  and  9.76  feet  long  by  a  square  joint.  Mano- 
meter No.  5  was  attached  to  this  cylinder.  Within  1.5  feet  of 
this  cylinder  was  manometer  No.  4,  and  in  all  cases  except  that 
of  the  glass  pipe  and  the  lead  pipes  manometer  No.  3  was  placed 
13  to  18  feet  further  down  stream,  manometer  No.  2,  164  feet 
beyond  that  and  manometer  No.  i  another  164  feet  distant,  which 
was  usually  from  20  to  25  feet  from  the  outlet.  In  the  glass 
pipes  manometer  No.  4  was  omitted  and  Nos.  3,  2  and  i  were 
separated  by  the  distances  70.75  feet  and  76.39  feet,  the  total 
length  being  147  feet.  For  the  lead  pipes  manometer  No.  4  was 
2.3  feet  from  the  inlet,  No.  3  was  from  4.59  feet  to  4.92  feet  from 
No.  4  and  Nos.  3,  2  and  i  were  82  feet  apart,  No,  i  being  then 
about  I.I  feet  from  the  outlet.  All  the  manometers  were  attached 
to  a  single  piezometric  opening  in  the  side  of  the  pipe. 

In  reducing  these  experiments,  the  velocities  as  given  by  Ham- 
ilton Smith,  Jr.,  have  been  accepted,  but  the  slopes  have  been  de- 
termined by  the  readings  of  manometers  Nos,  i  and  2,  not  i  and  3 
as  was  done  by  other  commentators  and  by  Darcy  himself.  Using 
these  slopes,  instead  of  those  for  the  longer  section,  the  erratic  re- 
sults criticized  bv  former  investigators  are  very  largely  eliminated, 
and  it  was  upon  those  incongruous  results,  which  it  appears  were 
due  to  the  proximity  of  the  upstream  piezometer  No.  3,  to  the 
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inlet,  that  Hamilton  Smith,  Jr.,  based  his  severe  arraignment  of 
the  piezometric  method  of  observation. 

In  this  connection  it  may  be  remarked  that  since  piezometric 
openings  in  the  pipe  wall  do  not  give  the  mean  pressure  head  in 
the  cross  section,  but  only  that  in  the  layer  of  water  next  the 
opening,  it  follows  that  if  for  any  reason  the  velocity  of  the 
particles  in  this  layer  at  one  point  of  observation  is  greater  or 
less  than  at  another  the  difference  of  the  pressure  heads  observed 
Avill  be  increased  or  decreased  as  the  case  may  be,  by  the  head  rep- 
resented by  the  change  of  velocity  between  the  two  points.  It 
is  not,  therefore,  to  be  expected  that  a  piezometric  observation 
taken  near  a  contraction  or  a  curve  or  a  gate  in  a  line  of  pipe 
will  give  data  comparable  with  that  shown  by  similar  openings 
elsewhere,  so  that  the  desideratum  for  this  sort  of  observation 
is  a  long  length  of  smooth,  straight  pipe  preceding  the  section 
to  be  experimented  upon.  How  long  this  preceding  length  must 
be  is  yet  to  be  determinea,  but  that  it  should  be  many  times 
longer  than  has  been  heretofore  supposed  is  proven  by  the  ex- 
periments of  Darcy,  Jacobson  and  Reynolds,  as  well  as  by  more 
recent  ones  which  might  be  cited. 

For  the  experiments  of  Hamilton  Smith,  Jr.,  the  data  as 
presented  in  his  Hydraulics  has  been  accepted,  and  from  the  same 
source  have  been  taken  the  experiments  of  Bossut  and  DuBuat. 

The  experiments  of  James  Leslie  with  2^ -inch  lead  pipe, 
100  feet  long,  the  only  ones  in  his  series  which  seem  sufficiently 
reliable  to  be  included  here,  have  been  computed  from  his  data 
as  presented  in  the  Proceedings  of  the  Institution  of  Civil  En- 
gineers of  Great  Britain  for  1855,  the  observed  heads  being  cor- 
rected for  velocity,  but  not  for  entry.  This  pipe  was  coiled  in 
a  spiral  90  feet  in  diameter,  the  loss  of  head  was  measured  by 
the  difference  of  level  of  water  in  tanks  at  the  inlet  and  outlet  ends, 
and  the  discharge  was  measured  in  a  tank. 

The  experiments  of  Thomas  F.  Rowland,  given  in  Transac- 
tions American  Society  Civil  Engineers,  Volume  XIX,  have  been 
similarly  reduced.  In  these  experiments  the  diameters  were  not 
measured,  but  the  pipe  is  described  as  ^^^-inch,  ^-inch  and  i-incli 
wrought  iron.  For  these  reductions  the  present  standard  diam- 
eters of  these  sizes  of  pipe  have  been  taken  and  are  given  in 
the  table.  The  discharge  was  determined  by  weight  and  the  loss 
of  head  by  Bourdon  Gages.  The  experiments  have  been  rejected 
by  Hamilton  Smith,  Jr.,  with  justification,  but  they  are  included 
here  as  the  onlv  ones  on  record  with  very  small  wrought  iron 
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pipe,  and  for  the  smallest  diameter  the  observations  seem  to  be 
fairly  consistent. 

The  experiments  of  Prof.  Osborne  Reynolds  have  been  taken 
from  the  Royal  Philosophical  Transactions  for  1883.  These  pipes 
were  of  lead  J4  ^"fl  3^-inch  diameter  and  16  feet  long.  They 
were  attached  by  trumpet  mouthpieces  to  a  tank,  and  the  heads 
were  read  piezometrically  at  points  five  feet  apart  near  the  down- 
stream end,  the  upstream  piezometer  being  9.6  feet  from  the  in- 
let. In  Professor  Reynold's  own  discussion  of  these  results  he 
says  that  the  loss  of  head  varied  as  the  1.722  power  in  both  pipes. 
From  a  study  of  the  published  data  this  conclusion  appears  er- 
roneous. The  value  here  obtained  of  1.725  for  n  with  the  larger 
pipe  is  as  close  a  corroboration  as  could  be  expected,  but  in  the 
case  of  the  smaller  pipe  the  observations  fall  in  two  groups, 
separated  from  each  other  by  a  change  in  m  the  coefficient  of  V  and 
apparently  indicating  an  unsuspected  change  of  condition.  Each 
set^  has  a  perfectly  definite  and  regular  inclination  when  plotted 
logarithmically,  and  in  both  cases  it  is  considerably  below  that  of 
the  larger  pipe,  being  about  1.637  for  the  lower  velocities  and 
1. 55 1  for  the  higher  ones.  It  appears  that  Professor  Reynolds 
took  both  groups  together  and  found  n  from  the  inclination  of 
the  line  best  fitting  all  observations ;  but  this,  from  the  appearance 
of  the  data,  does  not  seem  justifiable,  and  his  conclusion  is,  more- 
over, antagonistic  to  the  indications  of  the  rest  of  the  experiments 
investigated  in  the  present  discussion.  The  experiments  them- 
selves appear  to  have  been  made  with  great  care  and  to  be  en- 
titled to  the  highest  confidence  as  representing  accurately  the 
conditions  encountered. 

The  experiments  of  Dr.  Heinrich  Jacobson  were  made  at 
Kocnigs]:)erg,  and  were  published  in  the  "Archiv  fiir  Anatomic, 
Hygiene,"  etc.,  in  i860  and  1861.  The  pipes  were  connected 
to  a  cylindrical  reservoir  by  a  conical  brass  mouthpiece.  The 
losses  of  head  were  measured  both  from  the  surface  of  the  water 
in  the  reservoir  and  from  the  height  of  a  manometer  column 
connected  to  the  tube  at  a  point  at  varying  distances  from  the  inlet, 
being  generally,  in  the  experiments  selected,  about  0.03  foot  away ; 
the  pipes  discharged  freely  into  the  air,  so  that  the  total  head 
measured  at  this  point  was  presumably  the  loss  of  head  in  the 
remaining  section  of  pipe.  The  diameters  were  determined  by 
weighing  the  water  in  the  pipes,  which  had  been  previously  selected 
from  a  large  number  for  uniformity  of  bore.  Distilled  or  filtered 
water  was  used,  and  the  discharge  was  determined  by  weight. 
These  experiments  were  very  carefully  made  and  show  remark- 
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ably  harmonious  results,  though  it  appears  that  the  piezometer  was 
in  some  cases  too  close  to  the  inlet.  With  these  small  diameters 
the  temperature  has  an  important  bearing,  but  those  experiments 
only  have  been  selected  for  the  present  investigation,  in  which 
it  was  either  constant  or  of  small  range. 

The  experiments  of  John  R.  Freeman,  member  American 
Society  Civil  Engineers,  upon  hose  have  been  taken  from  Volume 
XXI,  Transactions  American  Society  Civil  Engineers,  without 
alteration.  It,  however,  seems  that  the  length  of  25  feet  usually 
existing  between  the  hydrant  and  the  first  piezometer  was  not 
sufficient  for  the  elimmation  of  entry  effects,  and  that  this  accounts 
for  some  of  the  peculiarities  of  the  series. 

The  experiments  credited  to  Iben  and  Ehmann  are  given  upon 
the  authority  of  Hering  and  Trautwine's  Appendix  to  "The  Flow 
of  Water  in  Open  Channels."  They  lack  completeness  of  data, 
as  obtained  from  this  source,  and  are  presented  only  as  being 
in  a  measure  corroborative  of  the  conclusions  drawn  from  the  more 
reliable  investigations. 

The  experiments  upon  the  3-inch  riveted  pipe  and  the  2-inch 
brass  pipe  were  made  in  the  Hydraulic  Laboratory  of  Cornell 
University  during  the  latter  part  of  1899  and  the  early  part  of 
1900.  The  former  investigation  was  made  by  Messrs.  L.  C.  Gilt- 
ner  and  D.  A.  Ketchum,  Jr.,  as  a  graduating  thesis  in  the  College 
of  Civil  Engineering,  and  the  latter  was  made  by  the  writer. 
The  arrangement  of  the  apparatus  is  shown  in  Plate  25.  The 
water  was  taken  from  a  tank  in  the  top  of  the  building,  where  the 
head  was  maintained  constant  by  a  float  valve  controlling  the  sup- 
ply from  the  university  reservoir,  and  admitted  to  the  experimental 
system  through  the  pipe  D,  which  was  of  standard  2-inch  wrought 
iron.  By  a  similar  pipe  E  it  was  conducted  into  the  regulator 
chamber  F  F,  in  which  it  passed  through  a  screen  consisting  of  a 
brass  plate  drilled  with  yi  and  -^\  -inch  holes.  The  outlet  of  this 
chamber  was  a  cycloidal  mouthpiece  G,  whose  curve  was  gen- 
erated by  a  rolling  circle  of  diameter  equal  to  one-fourth  that  of  the 
following  pipe  H,  and  rolling  parallel  to  the  pipe  axis.  The  pipe  H 
was  of  seamless  drawn  brass  tubing  0.416  foot  in  internal  diameter, 
and  at  its  outlet  was  a  similarly  constructed  cycloidal  mouthpiece  I, 
connecting  to  the  seamless  drawn  brass  pipe  J,  K,  L,  M,  N,  O,  of 
which  L  was  the  experimental  section  used  in  the  experiments  of 
the  writer  here  presented,  although  observations  were  also  taken 
upon  H,  I,  J  and  K. 

The  pipe  O  was  standard  2-inch  wrought  iron  and  P  was 
standard  3-inch  wrought  iron,  as  was  also  the  outlet  section  U, 
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the  last  reducing  to  i-inch  pipe  with  a  controlHng  valve  V.  The 
riveted  pipe  was  comprised  in  the  four  sections  O,  R,  S  and  T. 
It  was  made  of  galvanized  iron  0.0503  inch  thick,  which  was  rolled 
into  conical  joints  7  inches  long  and  riveted  with  i  longitudinal 
lap-seam  having  7  rivets  with  a  pitch  of  i  inch.  These  joints 
were  riveted  together  with  a  single  circumferential  row  of  9  rivets 
with  a  pitch  of  1.05  inches.  These  rows  were  6  inches  apart 
longitudinally.  The  rivets,  both  longitudinal  and  circumferential, 
had  button  heads  j\  inch  in  diameter  at  the  base  and  ^V  inch  high. 
The  joints  were  then  made  tight  by  soldering  on  the  outside  of 
the  pipe.  The  flange  unions  were  so  put  on  as  to  allow  the  lengths 
to  telescope  in  the  same  manner  as  the  minor  sections,  but  the  cir- 
cumferential rivet  rows  were  replaced  at  these  joints  by  eight  rivets 
with  heads  5^  inch  in  diameter  at  the  base  and  -^  inch  high, 
fastening  one  flange  to  the  pipe ;  the  second  flange,  on  the  next  sec- 
tion, was  fastened  by  a  similar  row  3  inches  away,  and  3  inches  from 
the  next  regular  circumferential  rows  of  9  small  rivets.  The  joints 
in  the  brass  pipe  were  made  with  flanges.  The  ends  of  the  pipes, 
being  turned  true  in  a  lathe  and  the  burr  scraped  from  the  in- 
side, were  butted  tightly  and  held  by  the  flange  bolts,  a  guide  hav- 
ing been  also  turned  in  the  flange  to  hold  the  two  ends  truly  in 
line. 

The  entire  experimental  pipe  system  was  suspended  from 
hangers  in  the  ceiling  and  the  center  line  was  very  nearly  level  for 
its  entire  extent. 

The  diameters  were  determined  by  calipering  the  ends  of  the 
individual  lengths.  With  the  brass  pipe,  the  lengths  ranging  from 
II  to  17  feet,  two  diameters  at  right  angles  were  calipered  at 
each  end.  The  riveted  pipe  was  calipered  on  each  side  of  the 
longitudinal  lap  and  at  right  angles  to  the  diameter  through  the 
lap,  the  arithmetical  mean  of  these  caliperings  being  accepted 
as  the  value  of  D.  The  calipers  used  were  made  by  Darling, 
Brown  &  Sharp,  and  were  read  to  0.0001  inch.  The  lengths  were 
measured  with  a  steel  tape.  The  discharge  was  determined  by 
weight  upon  a  scale  of  4000  pounds  capacity,  whose  error  was  de- 
termined by  comparison  with  a  standard  to  be  xt\77  ,  and  the  correc- 
tion neglected.  The  losses  of  head  were  measured  piezometrically 
by  differential  gages  of  a  special  type,  designed  by  the  writer,  with 
which  differences  of  head  amounting  to  0.0006  foot  of  water  could 
be  readily  detected.  Readings  were  taken  once  each  minute.  The 
piezometric  openings  were  radial  and  90°  apart,  and  in  the  case 
of  the  brass  pipe  were  yg-  inch  in  diameter  and  communicated 
directly  to  a  circumferential  chamber,  while  with  the  riveted  pipe 
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they  were  ys  inch  and  communicated  by  short  J  4-inch  diameter 
tubes  with  an  equahzing  chamber  of  i-inch  pipe.  The  gages  were 
connected  by  }i  and  ^-inch  diameter  rubber  hose  to  the  cir- 
cumferential or  the  equahzing  chambers. 

The  duration  of  a  single  experiment  was  not  less  than  five 
minutes,  the  flow  having  been  previously  started  and  the  water 
allowed  to  run  to  waste  for  three  or  four  minutes  through  one 

TABLE  No.  5. 

E.XPERIMENTS    ON     2-INCH     BrASS     PiPE.       By    G.     S.     WiLLIAMS. 
Length,  46.376  feet.  Mean  diameter,  0.1738  feet. 
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Velocity  in  feet 
per  second. 
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in  feet. 
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h 

I.I130 

3-49 

of  Water,  39°  to  46° 

<• 
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9.25 

V 

I. 6391 

6.71 

w 

0.92584 

2.48 

side  of  the  discharge  spout  W,  which  was  divided  by  a  vertical 
diaphragm.  At  the  proper  time  this  spout,  which  was  suspended 
so  as  to  swing  freely,  was  swung  over  until  the  jet  discharging 
at  V  was  delivered  into  the  other  half  of  W  and  to  the  scale.  The 
time  required  for  thus  diverting  the  flow  was  less  than  one  second. 
The  time  was  taken  with  an  ordinary  watch,  and  may  be  considered 
accurate  within  three  seconds.  In  the  riveted  pipe  experiments 
the  water  was  brought  to  rest  at  the  close  of  each  experiment, 
and  the  static  reading  of  the  gages  observed.     In  the  brass  pipe 
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investigation,  static  readings  were  taken  once  in  five  or  six  experi- 
ments. Dynamic  readings  were  then  corrected  by  the  mean  of 
the  static  readings  at  the  beginning  and  end  of  the  experiment. 
The  riveted  pipe  was  first  experimented  upon  with  a  flow  from 
A  to  C,  being  from  the  large  to  the  small  end  of  the  sections,  and 
then  was  reversed  so  that  the  flow  took  place  from  C  to  A  and 
against  the  butts  of  the  joints. 

The  experiments  of  Messrs.  Giltner  and  Ketchum  embraced 
observations  upon  two  sections  of  the  pipe,  A  B  and  B  C,  whose 
lengths  were  24.24  feet  and  24.90  feet,  respectively,  in  the  first 
series,  and  C  B  and  B  A  in  the  second  series.  The  observations 
on  both  sections  were  made  simultaneously  up  to  velocities  of 
1.75  feet  per  second,  and  separately  for  higher  ranges.  The 
plotting  of  these  experiments  upon  logarithmic  cross-section  paper 
gives  the  following  values  for  the  loss  of  head  per  1000  feet  in  feet 
of  water,  Hf. 

For  upstream  section  A  to  B,  Hf  =  34-36  yi.8/'2. 

For  downstream  section  B  to  C,  Hf  =  38.01  v  1-884. 

For  upstream  section  C  to  B,  Hf  =  39- 10  vi-882. 

For  downstream  section  B  to  A,  Hf  =  35.61  v  1.892. 

It  is  notable  that  the  section  A  B  gives  a  lower  loss  of 
head  per  thousand,  both  direct  and  reversed,  than  the  section  B  C. 
This  section  was  slightly  curved  in  the  portion  O  or  that  near 
the  A  end,  the  deflection  from  a  straight  line  in  continuation  of 
the  axis  of  the  rest  of  the  pipe  being  about  two  incnes.  The 
pipe  being  made  up  by  hand  was  none  of  it  so  straight  as  could 
be  desired,  but  the  curvature  near  A  was  the  greatest  anywhere. 
Owing  to  the  short  lengths  used,  general  deductions  from  the 
observations  may  be  misleading,  although  the  writer  doubts  if  there 
are  many  series  of  observations  on  record  that  have  been  more 
carefully  conducted.  The  results  do,  however,  quite  clearly  and 
consistently  show  what  they  were  primarly  undertaken  to  investi- 
gate,— viz,  the  effect  upon  the  loss  of  head  of  reversing  the  flow 
in  such  a  pipe,  and  prove  that  the  resistance  is  increased  when  the 
flow  takes  place  against  the  butt  ends  of  the  joints.  They  seem 
also  to  indicate  that  the  effect  of  the  expansion  in  the  pipe  area 
near  the  inlet  end  (from  0  to  F,  O  being  a  piece  of  2-inch  and  P 
a  piece  of  3-inch  wrought  iron  pipe,  the  diameters  being  ap- 
proximately 2.067  and  3.067  inches,  respectively)  is  to  decrease 
the  apparent  loss  of  head  in  the  section  immediately  following. 
Other  experiments  have  shown  this  to  be  the  case  with  a  con- 
traction, and  it  is  perhaps  not  surprising  that  the  same  effect 
should  appear  with  an  expansion. 
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The  entire  series  of  the  experiments  of  Messrs.  Giltncr  and 
Krtclnnn  is  plotted  with  loss  of  head  as  ordinate  and  velocity 
head  as  abscissa,  upon  Plate  26,  and  the  reduced  results  of  sev- 
enty-two observations  from  the  series  are  j^^iven  in  table  No.  4,  as 
computed  by  the  experimenters,  and  similar  data  for  the  twenty- 
three  experiments  by  the  writer  are  given  in  table  No.  5. 

Talile  No.  3  gives  the  elements  of  the  several  series  of  the 
experiments  used  in  the  plottings  shown  on  Plate  25,  Fig.  r. 
iriata  with  numbers  having  subscripts  are  not  included  in  the 
plate  on  account  of  the  special  conditions  of  those  experiments, 
but  are  included  in  the  table  for  purposes  of  comparison. 

Considering  now  Fig.  i,  Plate  24,  the  values  of  n  in  the 
equation  H/  =  nir"  are  plotted  as  ordinates  and  the  values  of 
the  diameter  ])  as  abscissas. 

The  first  thing  noticed  is  that  the  values  of  n  for  the  small 
diameters  decrease  cjuite  rapidly  when  D  is  less  than  o.i  foot, 
and  that  the  values  of  //  are  lower  for  the  smooth  pii)cs  than  for 
the  rough  ones. 

In  the  series  with  glass  pipes,  Nos.  /  to  10,  inclusive,  there 
is  tirst  a  set  of  six  points  from  Jacobson  covering  three  very  small 
diameters,  but  which  show  11  to  increase  w'ith  some  power  of  D. 
Then  there  are  three  points,  Nos.  7,  8  and  p  from  Smith,  giving 
as  many  diameters  and  one  from  Darcy,  No.  10.  No.  7,  of  Smith, 
apjK'ars  to  be  high,  and  from  the  table  it  is  seen  that  this  was 
a  very  short  pipe  as  compared  with  the  others  of  the  larger 
diameters,  being  only  about  11  feet  long,  while  the  next  in  length, 
No.  (V.  was  35  feet. 

On  brass  pipe  there  are  only  two  points,  Nos.  //  and  12, 
and  these  being  by  different  observers  are  perhaps  surprisingly 
coincident  in  showing  that  the  value  of  n  for  brass  is  less  than 
for  glass. 

On  lead  pipe  are  three  points  from  Reynolds,  Nos.  /?,  14 
and  75,  giving  two  diameters,  three  by  Darcy,  Nos.  16,  i/  and 
j8,  giving  three  diameters  and  No.  ig,  by  Leslie,  which  it  will  be 
seen  falls  below  the  value  of  n  to  be  expected  from  the  others. 
It  is  recalled,  however,  that  this  pipe  was  coiled  in  a  long  spiral, 
and  it  may  be  at  this  point  suggested  that  curvature  possibly  has 
the  ettect  of  lowering  the  value  of  11.  In  the  table,  experiment 
No.  /p,  a,  by  Iben,  gives  a  value  for  n  of  1.728  for  D  =  0.082. 
This  experiment  was  rejected  by  Hamilton  Smith,  Jr.,  and  the 
data  available  is  incomplete.  It  is,  however,  not  far  away  from  the 
Darcy  value  for  D  =  0.0886  of  1.765. 
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On  coated  wrought  iron  pipe  the  points,  Nos.  20,  21,  22  and 
2^  are  from  Darcy  with  sheet  iron  pipes  coated  with  bitumen,  and 
the  point  No.  24  is  by  Smith  with  a  wrought  iron  pipe  similarly 
coated,  which  comes  very  close  to  the  Darcy  value  No.  20  for 
practically  the  same  diameter. 

Under  smooth  wrought  iron  are  included  only  the  experi- 
ments with  modern  pipes,  as  there  is  fairly  good  reason  to  sup- 
pose that  the  art  of  producing  smooth  interiors  in  Darcy's  day 
was  not  so  well  perfected  as  in  the  time  of  the  later  experiments, 
and  it  is  seen  that  the  two  experiments  of  Smith,  51  and  5^,  fall 
very  close  to  the  lead  pipe  values,  while  the  Rowland  small 
pipe  values,  ^5  and  26,  fall  somewhat  above.  As  already  said, 
the  reliability  of  Nos.  2y  to  50  is  considered  questionable.  Re- 
ferring to  the  table  the  value  of  n  for  Hamilton  Smith's  short 
wrought  iron  pipe,  16  feet  long  is  1.842,  while  the  value,  A^o.  32, 
for  a  longer  length,  60  feet,  of  the  same  size,  is  only  1.772,  which 
corroborates  the  inference  in  the  case  of  the  glass  pipes  that  short 
lengths,  when  treated  by  the  Smith  method  of  observation,  give 
high  values  of  n. 

This  conclusion  is  contradicted  by  the  experiments  of  DuBuat 
on  tin  pipes,  where,  as  shown  in  jj  and  jj  a  of  the  table,  the  ex- 
ponent for  a  length  of  65  feet  is  1.730  and  for  a  length  of  10  to 
12  feet  1.686.  Hamilton  Smith  has  expressed  the  opinion  that 
as  an  experimenter  DuBuat  was  less  expert  than  Bossut,  and 
the  added  fact  that  in  these  experiments  the  discharge  was  part 
of  the  time  into  air  and  part  of  the  time  under  water,  warrants 
the  questioning  of  this  evidence  as  against  that  of  Smith,  which 
latter  is  further  corroborated  by  the  Rowland  value  for  the  30- 
foot  length  of  y^-inch  pipe  No.  50  a.  The  points  from  Bossut 
for  tin  pipes,  Nos.  5^  and  55,  show  very  low  values  of  n  de- 
creasing with  the  diameter,  and  not  far  from  the  brass  pipe  value 
obtained  by  the  writer. 

The  next  set  of  points  is  from  Darcy,  with  his  wrought  iron 
pipe,  Nos.  jd,  J7  and  38,  which,  as  explained  above,  is  con- 
sidered to  have  been  more  rough  than  the  pipes  of  Smith  and 
Rowland.  This  conclusion  is  strongly  supported  by  the  coinci- 
dence of  the  Smith  point,  No.  jp,  on  an  old  wrought  iron  pipe, 
60  feet  long,  with  No.  j/  of  Darcy  on  essentially  the  same  diameter. 
These  values  it  is  seen  fall  about  midway  between  the  smooth 
pipe  series  and  those  of  the  rougher  cast  iron. 

For  cast  iron,  new  and  cleaned,  there  are  six  points  plotted 
from  Darcy.  These  pipes  were  not  coated.  No.  46  is  beyond 
the  range  of  the  plate  and  it  is  not  considered  as  reliable  as  the 
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Others,  probably  on  account  of  the  large  diameter  and  slow  veloc- 
ities. The  author's  plotting  of  these  observations,  No.  5S,  Plate 
3,  shows  the  irregularity  of  the  results.  Nos.  40,  41  and  42  are 
with  new  pipes,  and  Nos.  4s,  44  and  4j  with  old  pipes  that  had 
been  cleaned.  The  series  as  a  whole  shows  very  clearly  an  in- 
crease in  ;/  as  the  diameter  increases. 

W'ith  the  exception  of  No.  ^0,  the  points  from  the  Darcy 
observations  on  tuberculated  pipes  corroborate  the  general  con- 
clusion that  roughness  increases  the  value  of  n. 

Strange  as  it  may  seem,  there  is,  outside  of  Darcy's  work, 
a  scarcity  of  good  experimental  data  on  cast  iron  pipes  of  the 
smaller  diameters.  From  the  experiments  of  Ehmann  (see  tables 
Nos.  46  a  and  46  b)  values  for  n  of  1.822  and  1.9 12  are  obtained 
for  a  diameter  of  0.164,  the  latter  of  which  comes  somewhere 
near  the  Darcy  curve ;  but  the  former  does  not  fit  at  all.  These 
experiments  failed  to  pass  the  severe  scrutiny  of  Hamilton  Smith, 
Jr.,  and  as  they  were  made  upon  street  mains  having  bends 
and  other  obstructions  they  cannot  be  considered  of  equal  value 
with  Darcy 's  work,  but  they  may  possibly  be  considered  as  add- 
ing their  mite  to  the  evidence  that  curvature  decreases  the  value 
of  ti.  Being  coated,  they  were  also  probabh-  smoother  than  were 
Darcy's  pipes,  and  hence  should  give  a  lower  value  of  n. 

Hamilton  Smith's  wood  pipe,  made  by  boring  with  an  auger 
a  log  of  w^ood,  probably  gave  a  condition  of  surface  not  very 
different  from  that  of  cast  iron  pipe  such  as  Darcy  had, — i.e., 
uncoated  cast  iron,  and  the  plotting  of  this  point  57  seems  to  be 
quite  consistent  with  the  Darcy  values  for  cast  iron. 

The  experiments  of  Messrs.  Giltner  and  Ketchum,  No.  j2, 
show  the  value  of  n  to  be  considerably  above  the  Darcy  smooth 
pipes,  and  corroborates  the  conclusion  that  roughness  increases  the 
value  of  n. 

The  Freeman  experiments  upon  hose  do  not  give  as  satis- 
factory information  upon  the  efifect  of  diameter  as  had  been 
hoped.  This  is  probably  partly  due,  as  before  suggested,  to  the  com- 
paratively short  length  of  hose  between  the  hydrant  and  the  up- 
stream piezometer,  and  partly  to  the  many  varying  conditions 
encountered,  as  roughness,  elasticity,  very  slight  sinuosity,  con- 
striction at  couplings,  etc.,  all  of  which-  may  be  very  likely  to  have 
an  influence  upon  }i.  These  experiments  do,  however,  aiTord  most 
interesting  evidence  as  to  the  efifect  of  sinuosity  and  curvature.  In 
sample  E,  with  the  hose  laid  straight,  n  =  1.961,  and  when  allowed 
to  assume  a  sinuous  position,  the  curves  having  a  radius  of  about 
20 
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six  to  eight  feet,  the  vaUie  of  n  is  reduced  to  1.904.  Similarly 
sample  L,  when  straight,  gives  n  =:  1.900,  and  when  sinuous  1.860. 

Experiments  upon  the  effect  of  curvature  were  also  made 
with  hose  D,  which  are  designated  by  the  letters  V,  W,  X,  / 
and  Z  in  the  table. 

In  V  the  hose  in  its  middle  portion  was  bent  around  four  45° 
curves  of  2  feet  radius.  In  W  it  was  coiled  around  a  full  circle 
2  feet  in  radius.  In  X  it  was  bent  around  four  90°  curves  of  2 
feet  radius.  In  Y  it  was  bent  around  four  90°  curves  of  3  feet 
radius,  and  in  Z  it  was  similarly  bent  around  four  90°  curves  of 
4  feet  radius.  The  curves  were  arranged  one  left,  two  right  and 
one  left,  a  length  of  tangent  equal  to  their  radius  being  laid  be- 
tween each  pair  of  curves.  Fifty  feet  of  hose  A  was  connected 
between  the  upstream  piezometer  and  the  hydrant,  thus  improving 
the  conditions  over  those  of  the  original  experiments  with  this 
hose.  As  originally  tested,  hose  D  gave  a  value  for  n  of  1.911. 
At  the  beginning  of  these  curve  experiments  it  was  again  tested 
straight,  D'  in  table,  and  gave  n  =:  1.891.  At  the  close  of  the 
curve  experiments  it  was  again  straightened  out  and  gave  n  ^ 
1.873,  D"  in  table. 

When  curved,  it  uniformly  gave  a  lower  value  of  n,  the  mini- 
mum being  for  X  where  n  =  1.803,  ^""^  the  highest  being  that  for 
the  full  circle  where  n  =  1.858,  all  of  which  strongly  confirms  the 
inference  drawn  in  considering  the  Leslie  experiment  that  curva- 
ture tends  to  decrease  the  value  of  n. 

As  indicated  by  Mr.  Hawksley,  and  since  proven  by  Pro- 
fessor Reynolds,  under  certain  conditions,  even  in  pipes  of  con- 
siderable size,  the  resistance  at  low  velocities  increases  as  the 
first  power  of  the  velocity  up  to  a  certain  critical  velocity,  the 
flow  below  this  velocity  being  nearly  rectilinear.  This  critical 
velocity  appears  to  be  somewhat  dependent  upon  the  diameter 
of  the  pipe.  In  the  logarithmic  plotting  of  several  of  the  series 
of  experiments,  it  has  appeared  that  the  low  velocities  gave  low 
values  of  n,  which  gradually  increased  as  the  velocity  increased 
until  a  velocity  was  reached  above  which  the  locus  became  a 
straight  line  showing  n  constant.  In  determining  the  values  of 
n  in  this  investigation,  we  have  rejected  in  every  case  the  curved 
portion  of  the  locus  and  have  taken  for  n  its  constant  value. 

Professor  Reynolds  was  able  to  observe  only  the  conditions 
indicating  the  establishment  of  a  critical  velocity  when  the  water 
entered  his  pipes  from  a  state  of  prolonged  rest  in  his  tank, 
and  it  is  to  be  noted  that  in  the  writer's  own  experiments  upon 
the  brass  pipe,  and  in  those  of  Messrs.  Giltner  and  Ketchum  upon 
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tlic  riveted  pipe,  in  both  of  which  velocities  as  low  as  one-fourth 
of  a  foot  per  second  were  observed,  which  arc  the  lowest  recorded 
for  pipes  of  their  sizes,  there  is  no  evidence  of  the  exponent  of  V 
chanpinj::^  in  value  appreciably.  Therefore  the  probability  of  the 
critical  velocity,  as  Professor  Reynolds  defines  it,  beinp^  a  factor 
in  the  eng^ineer's  practical  computations,  may  be  considered  as 
questionable. 

To  summarize  the  results  of  this  investig^ation,  we  find: 
a.     That  the  loss  of  head  in  pipes  increases  with  a  power  n 
of  the  velocity,   which  power  increases   with   the  diameter   from 
about  unity  in  capillary  tubes  to  about  2  for  the  larg-er  sizes  of 
water  pipes. 

h.     That  ;;  increases  with  increased  roughness.    ■ 

c.  That  ;/  decreases  with  increase  of  curvature  from  the 
straight  pipe. 

d.  That  the  material  of  the  pipe  seems  to  have  an  influence 
upon  the  value  of  n. 

c.  That  for  the  cases  of  pipes  coming  within  the  range  of 
the  engineer's  practice,  2-inch  diameter  and  above,  the  value  of  n 
may  range  from  1.8  for  very  smooth  pipes,  to  about  2.0  for  ordinary 
uncoated  cast  iron. 

/.  That  when  the  loss  of  head  is  measured  in  the  manner  of 
Bossut,  DuBuat  and  Smith,  a  short  pipe  will  give  a  value  of  n 
that  is  high  as  compared  with  longer  pipes,  which  seems  to  be  on 
account  of  the  special  resistance  generated  at  entry  to  the  pipe. 

To  show  graphically  the  effect  of  the  application  of  the  equa- 
tion H/  =  a  Hv  to  cases  where  the  exponent  of  V  is  less  than 
2,  there  are  plotted  in  Fig.  2,  Plate  24,  as  abscissas,  to  the  velocity 
head  as  the  ordinate,  the  values  of  J^when:  I,^=»2^''"; 
II,  Hf=  ml''"':  III,  I/jr  =  mV'-'\  and  IV,  Hf  =  mV  for  V 
=  0.5',  i.o',  1.5',  2.0',  3.0',  4.0',  5.0',  6.0'  and  7.0'.  The  straight 
lines  A,  C,  B  for  the  three  curves  have  been  plotted  according 
to  the  method  presented  by  the  author  using  all  the  points  and  in 
the  case  of  Hf  —  ;;;F'™  the  line  A',  C,  B'  has  been  similarly 
computed,  using  only  the  values  of  V  from  1.5  feet  to  7.0  feet, 
inclusive. 

These  plottings  demonstrate  that,  although  the  lines  may  fit 
the  points  with  considerable  accuracy,  they  do  not  rightly  pass 
through  the  origin,  although  the  true  curve  does.  They  also 
show^  that  for  a  range  of  velocity  from  1.5  feet  to  7.0  feet,  which 
covers  that  ordinarily  met  with  in  pipe  experiments,  the  straight 
line  gives  a  very  close  approximation  to  the  true  curve,  even  in  the 
extreme  case  of  tne  exponent  being  as  low  as  1.70. 
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The  equations  of  these  Hnes  A,  C,  B,  are :  I,  Hf  =  36.504  Hv 
+  0.7371 ;  II,  Hf  =  44-147  Hv  +  o.55i9»  and  III,  Hf  =  53.299  Hv 
-f  0.3191,  and  that  of  the  line  A',  C,  B'  is  Hf  =  35.02  Hv  +  1.327. 

With  a  clear  understanding-  of  the  limits  to  the  applicability  of 
the  straight  line  equation,  it  will  be  found  a  great  assistance  in  the 
field  and  elsewhere  in  determining  the  approximate  accuracy  of 
work  as  it  proceeds  or  is  brought  up  for  examination.  As  the 
author  has  pointed  out,  it  is  actually  unnecessary  to  compute  or  use 
the  velocity  head  itself,  since  the  square  of  the  velocity  follows  the 
same  law,  and  may  be  therefore  used  in  its  stead,  so  that  the  labor 
of  applying  the  straight  line  criterion  is  considerably  less  than 
might  at  first  be  supposed. 

From  the  graphical  method  of  obtaining  the  values  of  n  in 
this  investigation  it  follows  that  the  third  decimal  place  is  beyond 
the  limit  of  accuracy.  The  second  is  certainly  as  far  as  the  ac- 
curacy can  be  relied  upon,  and  that  is  chiefly  valuable  for  compari- 
son with  the  other  values  as  given  here.  Another  investigation 
treating  the  same  data  by  the  same  process  might  very  probably 
obtain  values  of  n  differing  in  the  second  place  from  those  here 
presented. 

The  plottings  of  the  author  for  large  pipes  indicate  that  there 
may  be  some  very  interesting  developments  at  that  end  of  the 
series,  for  they  appear  to  show  that  7i  may  have  a  higher  value  than 
2,  a  point  which  is  corroborated  by  some  of  Coulomb's  experi- 
ments. The  problem  then  naturally  arises :  Since  the  true  fric- 
tion varies  as  the  first  power,  and  the  losses  due  to  impact  as 
the  square  of  the  velocity,  and  these  are  the  principal  causes 
now  recognized  as  retarding  flow,  can  a  value  of  n  greater  than  2 
be  accounted  for,  unless  it  is  admitted  that  the  mean  of  the 
velocities  of  the  mdividual  particles  of  a  flowing  stream  increases 
more  rapidly  than  does  the  mean  velocity  of  the  stream  as  a 
whole  ? 

Mr.  John  C.  Trautwine,  3D. — In  a  series  of  tests  on  water 
meters  to  determine  the  relations  between  resistance  and  velocity, 
the  writer  made  a  few  experiments  on  meters  from  which  all  mov- 
ing parts  had  been  taken,  and  also  a  few  experiments  on  short 
lengths  of  pipe  with  connections  of  various  kinds.  While  these 
experiments  do  not  give  results  for  straight  pipe  alone,  yet  they  all 
go  to  show  that,  in  the  formula  v"  =  2  g  h,  the  exponent  n  is  by  no 
means  invariably  =:  2 ;  that  it  is  usually  less,  and  that  it  increases 
with  the  projections  and  roughnesses.  Thus,  lengths  of  i^  to  3 
feet  of  small  tubes,  with  couplings  and  meter  unions,  gave  n  =  1.81 
to  1.03 ;  but  the  insertion  of  defective  packings  in  the  meter  unions, 
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forming'  irregular  orifices  within  the  pipe,  brought  the  value  up  to 
1.98.  Again,  of  two  disc  meters,  otherwise  of  exactly  the  same  size 
and  type  and  runnmg  under  similar  conditions,  one,  which  had  ex- 
ceedingly meager,  tortuous  and  rough-edged  passages,  gave  n  = 
^  03,  while  the  other,  with  much  freer  passages,  gave  1.82. 

Experiments  were  made  also  with  a  disc-shaped  box,  into 
hich  the  water  was  led  either  tangentially  or  radially,  and  from 
which  it  discharged  axially.  When  the  water  entered  tangentially, 
a  whirl  was  formed,  producing  a  great  difference  of  pressure  be- 
tween the  circumference  and  the  center,  owing  to  centrifugal  force, 
the  pressure  at  the  circumference  being  of  course  the  greater. 
In  this  case  n  =  2.13.  When  the  water  entered  radially,  no 
whirl  occurred,  the  difference  in  pressure  was  much  less,  and  n  =: 
1.83. 

In  all  these  experiments,  which  were  carefully  made,  n  showed 
a  marked  tendency  to  be  less  for  low  than  for  high  velocities ;  and, 
since  an  average  had  to  be  taken,  it  was  found  useless  to  attempt  to 
give  n  to  more  than  two  places  of  decimals. 

Mr.  George  H.  Fenkell. — The  author  feels  that  he  can  say 
but  little  in  conclusion. 

The  discussion  by  Mr.  Hazen  is  not  only  very  interesting,  but 
is  of  great  practical  value,  especially  to  those  engineers  who  are 
accustomed  to  use  the  slide  rule  in  all  ordinary  computations.  As 
to  the  formula  V  =  c^r  "-"^^  s  °-^°,  it  is  probable  that  none  has  as 
yet  been  advanced  which  gives  any  more  uniform  values  for  the 
constant  than  this. 

The  following  table.  No.  7,  gives  values  for  the  constant  in 
Mr.  Hazen's  formula,  corresponding  to  various  values  for  the 
same  in  the  Chezy  formula.  The  numbers  in  italics  in  the  table 
are  the  nearest  values  of  c^  to  130,  the  co-efficient  used  by  ^Ir. 
Hazen  in  Table  No.  2;  and  they  show,  in  a  general  way,  the 
divergence  in  values  of  the  constants  in  the  formulae. 

The  discussion  by  Mr.  Hubbell  on  some  of  the  uses  of  loga- 

ithmic  paper  is  timely,  and,  in  a  general  way,  coincides  with  the 

uthor's  experience.     Many  of  those  who  have  heretofore  made 

ise  of  this  valuable  instrument  in  the  reductions  of  various  obser- 

/ations  seem  to  have  partly,  at  least,  lost  sight  of  its   disad- 

antages,  as  well  as  some  of  its  most  valuable  features,  and  the 

reduction  of  the  experiments  on  12-inch  pipe  given  by  the  same 

writer  illustrates  several  of  these  points. 

It  is  not  necessary  for  Mr.  Williams  to  apologize  for  pre- 
senting, in  his  discussion,  the  results  derived  from  again  reducing 
the  observations  made  by  some  of  the  pioneers  in  experimental 
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hydraulics.  We  can  never  hope  to  attain  perfection  in  our  work, 
and  it  is  only  by  careful  study  of  the  past  that  we  can  hope  to 
improve  in  the  future. 

In  Fig.  2,  Plate  26,  Mr.  \\illiams  shows  that  the  intercept 
±  b,  as  shown  on  Plates  i  to  20  and  in  Table  i,  ''may  indicate  that 
Hf  does  not  vary  exactly  as  Hv  or  V-."  We  know  that  this  is 
true  with  the  smaller  sizes  of  pipes,  and  it  may  be  that  in  some 
cases  the  author  has  averaged  as  straight  some  that  are  actually 
curved. 

He  has.  however,  endeavored  to  avoid  this.  The  experiments 
on  the  3-inch  riveted  pipe  and  on  2-inch  brass  pipe  are  valuable 

TABLE  No.  7. 

Comparison  of  Const.\nts  in  Chezy  and  Hazen's  Formul.?;. 

Chezv  Formula — v  =  cr  "''"  s  °-''^.  Hazen's  Formula  ( — v  =  rV  °'^"  s  °'*". 

(f  and  ci  Remain  Constant  for  AH  Values  of  s.) 
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16 
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24 
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109. 1 

120.0 

" 

ijo.g 

141. 8 

152-7 

163.6 

30 

95-4 

106. 1 

' 

116.7 

127.3 

137.9 

148.5 

159.1 

36 

93-3 

103.7 
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III. 9 

122.0 

132.2 

142.4 

152.5 

48 

90.0 

lOO.O 

IIO.O 

120.0 

130.0 

140.0 

150.0 

54 

88.7 

98.5 

108.4 

118.2 

128. 1 

138.0 

147.8 

60 

87.5 

97-3 

107.0 

" 

116. 7 

126.4 

136.2 

145-9 

72 

85.6 

95-1 

104.6 

" 

1 14. 1 
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contributions  to  hydraulic  literature,  and  Table  6,  with  values 
of  n,  arranges  the  data  of  previous  experiments  in  small  pipes  in 
very  convenient  form. 

The  brief  discussion  by  Mr.  Trautwine  is  particularly  interest- 
ing, inasmuch  as  it  deals  with  the  loss  of  head  usually  occurring  in 
meters,  a  subject  apparently  much  neglected  in  the  past,  especially 
in  sizes  over  one  inch. 

Probably  one  reason  for  this  apparent  neglect  in  the  past  has 
been  the  difficulty  in  measuring  accurately  the  losses  of  head  when 
velocities  are  extremely  low  with  any  apparatus  yet  proposed. 
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By  Caleb  Mills  S.wille,*  Mkmber  ov  the  Boston  Society  of  Civil 

Engineers. 
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In  the  fall  of  1895  the  work  of  laying  pipes  for  the  water 
supply  of  the  district  immediately  surrounding  Boston  was  begun 
by  the  Metropolitan  Water  Board,  two  members  of  this  Society, 
Mr.  F.  P.  Stearns  and  Mr.  Dexter  Brackett,  having  been  ap- 
pointed, respectively,  Chief  Engineer  and  Engineer  of  the  Dis- 
tribution Department.  In  laying  the  pipes  to  the  several  parts  of 
the  district  a  number  of  rivers  were  crossed,  and  the  methods 
employed  in  laying  the  pipes  at  some  of  these  crossings,  while 
perhaps  not  presenting  any  novel  features,  were  of  some  interest, 
if  for  nothing  more  than  their  variety. 

MYSTIC   RR'KU   CROSSING — 36-INCII    PIPE. 

Of  the  two  48-incli  pipe  lines  running  from  Chestnut  Hill 
Reservoir  to  Spot  Pond,  the  easterly  one  crosses  under  the  Mystic 
River,  just  east  of  the  bridge  on  ^Middlesex  avenue,  between  Med- 
ford  and  Somerville.  At  this  point  the  river  is  a  tidal  stream 
about  1 100  feet  wide  at  high  water  and  about  300  feet  wide  at 
low  water.  The  average  range  of  the  tides  is  about  10  feet,  and 
at  low  water  there  is  a  depth  of  about  9  feet  in  the  channel. 
Rod  soundings  w-ere  made  along  the  line  of  the  proposed  location, 
and  it  was  found  that,  except  near  the  Somerville  shore,  where 
gravel  and  sand  were  found,  from  10  to  20  feet  of  river  mud 
overlaid,  and  imperceptibly  blended  into,  a  stratum  of  sandy 
silt  of  unknown  depth.  The  work  done  at  this  crossing  con- 
sisted in  laying  two  parallel  lines  of  36-inch  cast  iron  pipes  5  feet 
9  inches  on  centers  under  the  river  and  connecting  them  by  means 
of  Y-branches  with  the  48-inch  pipes  previously  laid  on  each 
shore. 

In  the  early  part  of  March,  1897,  the  contract  for  doing  this 
work  was  awarded  to  MacRitchie  &  Nichol,  of  Chicago,  who 
commenced  operations  about  the  middle  of  April.  The  first 
work  was  the  excavation  of  the  trench  for  the  pipes,  and  this 
was  done  by  the  Eastern  Dredging  Company.  The  trench  was 
dug  about  35  feet  wide  at  the  top,  and  had  an  average  deptli 
of  about  8  feet  below  the  surface  of  the  mud,  the  lowest  point 

*Division  Engineer,  Metropolitan  Water  Board. 

fManuscript  received  March  16,  190L — Secretary,  Ass'n  of  Eng.  Socs. 
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dredged  being  about  i6  feet  below  mean  low  water.  During  this 
work  the  dredges  were  kept  in  line  by  ranges  set  upon  shore,  and 
the  depth  was  regulated  by  tide  gages  and  marks  on  the  dredging 
apparatus  and  by  sounding  chains.  Three  different  styles  of 
dredges  were  used,  each  suited  for  the  particular  place  in  which 
it  worked.  From  near  the  channel  to  the  north  shore  the  bed 
of  the  river  rose  gradually;  and,  beginning  at  the  channel,  a 
large  dipper  dredge  excavated  the  material,  working  against  an 
almost  perpendicular  face,  the  material  standing  well  if  not  left 
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Section   of   36-iN.    Flexible  Joint.    .?" 
Deflection,  i  in  8. 


Plate  I.     Section  of   Special  Joint  for  Putting  Pipe  Together  Under 

Water. 

Spigot  turned  off  and  lead  cast  in  beU. 

too  long.  Across  the  channel,  where  the  bottom  was  compara- 
tively level,  and  where,  on  account  of  navigation  and  the  opening 
and  closing  of  the  draw,  it  was  necessary  to  use  a  dredge  more 
easily  handled,  an  ordinary  clam-shell  dredge  was  used.  South 
of  the  channel  and  well  out  of  the  way  of  vessels,  a  dredge  having 
an  A  frame  and  long  boom  on  which  was  a  clam-shell  bucket 
was  used.  From  the  north  shore  to  the  channel  the  material  was 
loaded  into  scows,  towed  about  half  a  mile  and  dumped  on  the 
mud  fiats,  from  which  it  was  afterward  re-dredged  for  filling 
around  the  pipe.  From  the  channel  to  the  south  shore  the  ma- 
terial was  deposited  on  the  mud  flats  alongside  the  trench  by 
the  scow  with  the  long  boom,  and  later  replaced  by  the  same 
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scow.  The  work  of  excavation  occupied  about  forty-four  davs 
during  wliich  there  were  excavated  about  11,000  yards  of  ma- 
terial, an  average  of  about  250  cubic  yards,  or  27  Hneal  feet,  of 
completed  trench  per  day.  In  backfilling,  the  trench  was  filled 
to  a  point  about  two  feet  above  the  tops  of  the  pipes;  19  davs 
were  employed  on  this  work,  500  cubic  yards  being  replaced  per 
<lay, — equivalent  to  backfilling  about  63  lineal  feet  of  trench.  The 
costs  of  the  excavation  and  backfilling  were  respectively  54  cents 
and  2^  cents  per  cubic  yard.  On  account  of  the  material  en- 
countered, it  was  decided  to  use  a  pile  foundation  for  the  pipes 
throughout  the  entire  length  of  crossing.  The  piles  were  of 
spruce,  driven  about  23  feet  into  the  river  bottom  by  a  floating 
pile  driver  having  a  hammer  weighing  about  2000  pounds,  work- 
ing with  a  fall  of  about  15  feet.  The  piles  were  driven  6.3  feet  on 
centers,  in  two-pile  bents,  crosswise  of  the  trench,  and  the  bents 
were  spaced  12. i  feet  apart  and  in  such  position  that  each  pipe, 
when  laid,  would  have  a  bearing  on  a  pile  bent  about  four  feet 
back  of  the  face  of  the  bell  of  the  pipe,  except  at  the  spherical 
joints,  where  an  extra  bent  was  driven  in  order  that  there  might 
be  a  support  on  each  side  of  this  joint.  The  piles  were  capped 
with  lox  10  spruce  timber  and  were  cut  off  and  the  caps  bolted 
on  under  water  by  a  diver.  The  cost  of  cutting  the  piles  and 
bolting  on  the  timber  was  $3  per  pile,  and  the  price  for  furnishing 
and  driving  the  piles  was  12^  cents  per  gross  pile  foot. 

The  pipes  under  the  river  below  Elevation  5,  Boston  city 
base,*  were  furnished  by  the  contractor  after  being  inspected  and 
accepted  by  the  Metropolitan  Water  Board.  They  were  1.65 
inches  thick  and  were  of  five  different  kinds,  as  shown  in  the 
following  table. 


Spherical  bell    with    spherical 

spigot  ..... 

Spherical  hell  with  bead  spigot 
Grooved    bell     with    spherical 

spigot 12.59 

Grooved  bell  with  bead  spigot 
Grooved  bell  with  taper  spigot 
Sleeves 


Length, 

WeiRht, 

Cost  per 

Lead  per 

Feet. 

Lbs. 

Ton. 

Joint,  Lbs. 

12.53 

8260 

S23.90 

248.0 

12.17 

8140 

23.90 

248.0 

12.59 

8040 

23.90 

81.5      1 

12.10 

8210 

17.90 

81.5 

10.10 

8030 

22.90 

81.5 

40.00 

128.3 

Depth  of 

Lead 
in  Joint. 


8  ins. 
8     " 

3     " 
3     " 


The  spherical  joints  were  similar  to  the  Ward  joint,  a  flexible 
ball-and-socket  joint  designed  for  a  maximum  deflection  of  i  in  10 
in  any  direction  without  the  spigot  leaving  the  bell.     In  these 

*Boston  city  base  is  0.64  feet  below  mean  low  water. 
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joints,  however,  the  lead  always  remains  in  the  spherical  bell, 
while  a  raised  portion,  cast  on  the  spigot  end  of  the  next  pipe 
and  turned  truly  spherical,  plays  against  the  stationary  lead  in 
the  pipe  bell  when  the  joint  is  deflected.  At  the  base  of  this 
raised  portion  is  a  stop,  against  which  the  face  of  the  bell  is 
pressed  when  the  maximum  deflection  of  the  joint  is  reached, 
while  in  the  spherical  bell  is  a  raised  ring  turned  to  a  true  circle, 
which  presses  tightly  against  the  raised  portion  cast  on  the  spigot, 
and  prevents  lead  from  running  into  the  pipe  when  the  joint  is 
run.  On  Plate  I  are  shown  sections  of  the  spherical  and  taper 
joints,  and  on  Plate  II  is  an  elevation  of  the  pipe-laying  scow, 
showing  the  method  of  laying  the  pipes.  The  scow  used  was  of 
the  ordinary  pattern,  about  70  feet  long  and  23  feet  wide,  with  a 
flush  deck.  On  this  deck  were  erected  two  stiff-legged  derricks 
for  laying  the  pipe,  four  winches  for  moving  the  scow,  a  4-inch 
centrifugal  pump  for  jetting  out  the  trench  if  it  became  filled,  an 
hydraulic  pressure  pump,  furnishing  power  for  pipe  laying,  an 
air  compresser  used  in  testing  for  leakage  and  a  boiler  furnish- 
ing steam  to  the  pumps  and  the  air  compressor.  On  one  side  of 
the  scow  was  a  straight  truss,  about  75  feet  long,  suspended  from 
the  derrick  in  such  a  manner  that  a  section  of  pipe  fastened  to 
the  lower  cliord  of  the  truss  would  hang  parallel  with  and  just 
clear  of  the  side  of  the  scow.  On  the  opposite  side  of  the  scow 
was  a  smaller  scow,  loaded  with  gravel,  which  was  fastened  to 
the  pipe-laying  scow,  and  which  served  as  a  counterweight  to 
balance  the  pipe  on  the  truss. 

The  pipes  were  made  up  on  a  temporary  wharf,  erected  for 
the  purpose,  not  far  from  the  work,  usually  in  sections  of  six  pipes 
each.  At  one  end  of  a  section  was  a  pipe  with  a  grooved  bell 
and  taper  spigot,  the  other  pipes  being  usually  of  the  ordinary  pat- 
tern. Into  the  bell  end  of  the  last  pipe  in  each  section  the  taper 
spigot  of  another  pipe  was  temporarily  inserted  and  the  joint 
run  with  lead. 

When  this  joint  had  cooled,  this  spigot  was  pulled  out,  leav- 
ing the  lead  joint  in  the  bell.  The  pipe  with  this  taper  spigot 
would  be  the  first  pipe  used  in  the  next  section,  and  when  this 
next  section  was  put  in  place  this  spigot  would  again  be  fitted 
into  the  lead  joint  from  which  it  had  been  pulled.  After  the 
section  was  fastened  to  the  truss  by  chains,  the  scow  would  be 
warped  into  exact  position  by  means  of  the  winches  and  anchors. 
When  properly  located,  the  section  would  be  lowered  on  the 
truss  and  placed  as  directed  by  a  diver.  On  the  end  of  the  truss 
nearest  the  pipes  already  laid  was  a  hydraulic  cylinder,  to  the 
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piston  of  which  was  fastened  an  iron  rod  with  a  hook  at  the  end. 
A  chain  having  been  fastened  back  of  the  bell  of  the  last  pipe 
laid,  this  hook  would  be  fastened  into  it,  and,  when  oil  was  forced 
into  the  cylinder,  the  truss  would  be  drawn  forward  and  the 
spigot  of  the  first  pipe  attached  to  it  would  be  forced  home  into 
the  bell  of  the  last  pipe  laid.  Fastened  to  the  bell  was  an  iron 
collar  which  served  the  double  purpose  of  enabling  the  diver  to 
more  easily  enter  the  spigot,  and  it  also  seemed  to  protect  the  lead 
joint  in  the  bell  from  being  forced  out  of  place  by  the  spigot 
being  carelessly  entered.  Wooden  bulkheads  were  kept  in  the 
ends  of  the  pipe  sections  until  just  before  the  spigot  was  forced 
home,  in  order  to  keep  mud  and  foreign  bodies  out  of  the  pipe 
line.     Plate  lo  shows  a  section  of  pipe  ready  to  be  lowered. 

Across  the  river  the  pipes  were  laid  in  a  straight  line  hori- 
zontally, but  where  vertical  deflections  occurred  the  spherical 
joints  were  used.  These  pipes  with  their  joints  were  built  into  the 
sections,  the  same  as  the  other  pipes,  the  joint  being  deflected  to 
fit  the  position  in  which  it  was  to  be  placed.  After  the  pipes 
were  all  laid  they  were  thoroughly  calked  by  the  diver,  and  then 
tested  for  leakage  before  the  trench  was  refilled.  For  use  in 
testing,  a  i^-inch  hole  had  been  drilled  in  the  top  of  that  pipe  of 
each  line  that  was  to  be  at  the  lowest  point.  While  being  laid,  a 
plug  was  screwed  into  this  hole,  but,  when  ready  for  testing,  the 
plug  was  removed  by  the  diver,  a  bushing  screwed  in  and  a  i-inch 
wrought  iron  pipe  screwed  through  the  bushing.  One  end  of 
this  pipe  was  opened  and  placed  about  one  inch  from  the  bottom 
of  the  pipe.  On  the  other  end  was  a  check  valve,  opening  out- 
ward. Manhole  pipes,  for  allowing  access  to  the  interior  of  the 
pipe  lines,  were  placed  on  each  line  on  both  sides  of  the  river, 
and  through  the  covers  of  these  pipes  on  the  Somerville  shore 
holes  were  drilled  and  a  flexible  steam  hose  laid  from  the  air  com- 
pressor on  the  pipe-laying  scow  moored  near  by.  Air  pressure 
being  put  on,  the  water  in  the  pipes  was  forced  out  through  the 
check  valve  on  the  inch  pipe.  When  the  water  was  all  discharged, 
this  pipe  was  withdrawn,  and  the  plug  screwed  back  by  the  diver. 
The  36-inch  pipes  were  then  inspected  by  members  of  the  engi- 
neering force,  who  went  through  both  lines  from  end  to  end. 
After  this,  air  was  pumped  into  the  pipes,  and  a  pressure  of  25 
pounds  per  square  inch  maintained  for  about  a  week.  During 
this  time,  several  large  leaks,  that  were  indicated  by  the  air 
bubbles,  were  stopped  by  the  diver  calking  the  lead  in  the  joints. 
Water  was  then  admitted,  and  after  several  trials  of  air  and  water 
pressure  a  satisfactory  pipe  line  was  obtained.    The  same  methods 
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aiul  pipe-layino-  plant  employed  at  the  Mystic  River  were  also 
used  in  laying-  double  36-inch  pipe  lines  under  the  Charles  River 
in  two  places  in  Cambridge. 

The  total  cost  of  this  work,  including  pipe,  labor,  materials 
and  an  allowance  for  the  use  of  the  tools  and  plant,  was  about 
$13.25  per  lineal  foot,  of  which  $6.75  per  lineal  foot  was  paid  for 
the  pipes. 

M.\LDEN    RIVER    CROSSIXG — 36-INCH     PIPES. 

The  48-inch  pipe  line,  a  part  of  which  has  just  been  de- 
scribed, also  crosses  under  the  Maiden  River  just  north  of  the 
bridge  on  Medford  street.  Maiden.  At  this  place  the  river  at 
high  tide  is  about  120  feet  wide  and  10  feet  deep,  while  at  low 
water  there  is  only  a  shallow  stream  a  few  feet  wide.  The  ma- 
terial encountered  was  a  thin  layer  of  river  mud,  overlying  a 
stratum  of  sand  and  gravel  a  few  feet  thick,  under  \yhich  was  a 
stiff  blue  clay,  which  made  an  excellent  foundation  on  which  to 
lay  the  pipes,  and  an  ideal  cut-off  into  which  to  drive  the  sheet 
piles  of  a  coffer  dam.  On  the  east  side  of  the  river  was  a  granite 
sea  wall,  and  in  the  center  was  a  wooden  draw  pier  about  fifteen 
feet  wide,  on  a  pile  foundation.  On  the  west  bank,  at  the  begin- 
ning of  the  work,  the  marsh  flats  sloped  to  the  water;  but  later, 
under  a  separate  contract  with  the  owner  of  the  land,  a  wooden 
bulkhead  was  built  by  the  firm  doing  the  work  for  the  Metro- 
politan Water  Board.  As  at  the  Mystic  crossing,  the  work 
to  be  done  was  to  lay  tw^o  lines  of  36-inch  cast  iron  pipes  under 
the  river,  and  by  Y-branches  connect  the  two  lines  with  the 
48-inch  pipes  previously  laid  on  each  side.  In  this  case,  and  in 
those  following,  the  pipes  were  furnished  by  the  Metropolitan 
Water  Board.  A  contract  for  doing  this  work  was  made  with 
Moore  &  Co.  and  W.  H.  Ward,  of  Boston,  and  the  work  was 
begun  about  the  middle  of  October,  1897,  and  finished  February  i, 
1898.  As  there  was  very  little  navigation  passing  this  point,, 
especially  at  this  season  of  the  year,  the  contractors  decided  to 
use  a  coft'cr  dam  for  laying  the  pipe.  The  first  work  done  was 
to  set  up  three  large  steam  derricks,  one  on  each  side  of  the 
river  and  one  on  the  pier  about  half-way  between  the  other  two. 
These  derricks  were  so  arranged  that  materials  could  be  passed 
by  them  from  one  end  of  the  work  to  the  other.  In  order  to 
build  the  coffer  dam  and  lay  the  pipes,  it  was  necessary  to  take 
down  portions  of  the  sea  wall,  bridge  and  draw  pier.  In  remov- 
ing the  sea  wall,  it  w^as  found  to  rest  on  piles,  which  it  was  ex- 
pected could  be  capped  for  a  platform  for  supporting  the  sea 
wall  over  the  pipe  lines.    When,  however,  the  attempt  was  made 
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to  saw  these  piles  off,  they  fell  out  of  their  places,  being  only 
about  five  feet  long,  and  it  was  necessary  to  drive  new 
piles  for  the  support  of  the  wall.  In  taking  down  the 
bridge  pier  it  was  desirable  to  remove  several  oak  piles. 
Two  attempts  were  made  to  draw  them;  one  by  means  of  a 
chain  attached  to  the  piles  and  to  the  end  of  the  derrick  boom, 
and  the  second  by  means  of  a  long  timber  used  as  a  lever,  the 
long  end  of  which  was  likewise  attached  to  the  boom.  Although 
a  force  estimated  at  about  twelve  tons  was  exerted,  neither 
method  was  successful,  and  the  piles  were  sawed  off.  The  walls 
of  the  coffer  dam  were  composed  of  a  single  thickness  of  6-inch 
spruce  and  4-inch  yellow  pine  timber,  supported  by  spruce  piles 
and  8  X  12  spruce  waling,  tied  together  and  braced  as  shown  on 
Plate  III.  The  sheeting  had  grooves,  into  which  hard  pine  splines 
I  inch  thick  and  2  inches  wide  were  placed.  This  sheeting  was 
about  24  feet  long,  and  was  driven  by  an  ordinary  land  pile- 
driving  machine  into  the  clay  about  two  feet  below  the  bottom 
of  the  proposed  pipe.  In  driving,  the  sheeting  was  kept  close  up 
to  that  already  driven  by  an  iron  dog  and  an  oak  wedge  which 
was  tapped  with  a  maul  from  time  to  time  as  it  loosened  under 
the  driving.  For  the  support  of  the  pile  driver,  a  few  spruce  piles 
were  driven  out  in  the  river  by  means  of  the  pile-driving  ma- 
chine erected  on  a  raft  made  of  oil  barrels  and  large  timbers. 
On  these  piles  and  the  bridge  a  scaffolding  was  placed,  and  on 
this  the  pile  driver  worked  while  driving  the  sheet  piles  in  the 
coffer  dam.  Between  the  walings,  the  coffer  dam  was  14  feet  6 
inches  wide,  and  was  built  in  two  sections,  each  extending  to 
the  middle  of  the  river,  and  one  removed  before  the  other  was 
built.  The  first  section  was  about  85  feet  long,  and  at 
its  river  end  two  cross  walls  about  eight  feet  apart  were  built. 
When  the  rest  of  this  section  was  removed,  these  walls  and  the 
longitudinal  walls  connecting  them  were  not  removed,  but  be- 
came the  river  end  of  the  second  section.  In  each  of  these  cut-off 
walls  a  gate  was  built,  so  that  the  dam  could  be  flooded  if  neces- 
sary. The  coffer  dam  was  comparatively  tight,  but  to  avoid 
straining  it  was  customary  to  open  the  gate  and  flood  the  dam 
when  the  tide  had  risen  to  within  two  or  three  feet  of  the  top. 
When  the  tide  fell,  the  gate  being  open,  the  water  would  fall 
inside  the  dam  to  the  bottom  of  the  gate  and  the  remainder  would 
be  pumped  out  by  a  6-inch  centrifugal  pump.  About  two  hours 
was  necessary  to  free  the  dam  from  the  water.  In 
removing  the  coffer  dam,  an  attempt  was  made  to  draw 
the     sheeting     for     use     in     the     other     portions,      but     after 
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several  attempts  had  l)een  iiiade  without  success,  it  was  cut 
oti  about  one  foot  heh)w  the  top  ol  the  pi])es.  Jn  reuKjviug^  the 
round  piles,  they  were  tirsl  sawed  oil  as  low  as  possible  and  a 
li-inch  hole  bored  down  into  the  pile  four  or  five  feet.  A  dyna- 
mite cartridge  was  then  pushed  to  the  bottom  of  the  hole  and 
exploded  by  a  battery  on  shore,  and  the  pile  would  be  broken 
od  as  low  down  as  the  cartridge  \vas  placed.  Across  the  river 
the  pipe  was  laid  with  its  top  al)out  five  feet  below  the  river  bed. 
The  pipes  used  were  about  1.65  inches  thick;  the  lead  space  in 
the  joint  was  about  five  inches  deep  and  took  about  150  pounds 
of  lead  when  run  solid.  In  laying  the  pipes,  work  was  begun  in 
the  center  of  the  river  and  the  pipes  laid  up  each  side.  The  spigot 
end  of  the  first  pipe  to  be  laid  was  put  through  a  circular  hole  in 
the  inner  of  the  two  cut-ofif  walls  mentioned  above,  and  the  space 
between  the  plank  and  the  pipe  calked  tightly,  to  prevent  water 
coming  in  when  this  inner  wall  became  the  outside  w^all  of  the 
next  section.  When  the  next  section  was  ready,  a  sleeve  was  put 
on  this  spigot  end  and  then  the  pipes  were  laid  up  the  bank.  On 
account  of  the  cold  weather  and  the  large  amount  of  lead  to  be 
poured  into  a  joint,  it  was  found  expedient  to  run  the  joint  at  two 
pourings, — one  from  the  sides  and  the  other  on  top.  A  clay  roll 
was  used  long  enough  to  go  completely  around  the  pipe  and 
make  sufficient  gate  at  the  top.  For  the  first  pouring  this  roll 
would  be  brought  tw^o-thirds  the  way  round  the  pipe  and  lead 
poured  into  the  joint  from  each  side  of  the  pipe  up  to  this  point; 
the  ends  of  the  roll  would  then  be  brought  over  the  top  of  the 
pipe  and  the  remainder  of  the  joint  poured  in  the  ordinary  man- 
ner. These  joints  were  perfectly  satisfactory,  and  when  the  pipe 
was  tested  it  showed  no  leakage  whatever.  The  excavation, 
backfilling,  pipe-laying  and  handling  timljer  and  macliinery  were 
done  by  the  derricks,  and  on  this  account  only  a  minimum  number 
of  men  were  employed.  The  estimated  cost  of  building  the  coffer 
dam  was  about  $13  per  lineal  foot. 

MYSTIC    RIVER    CROSSING 20-INCH    PIPE. 

As  a  part  of  the  main  pipe  line  supplying  the  town  of  Arling- 
ton with  water,  a  20-inch  pipe  was  laid  under  Mystic  River  just 
north  of  the  bridge  on  High  street,  ^ledford,  which  is  also  just 
below  the  lower  of  the  two  Mystic  Lakes.  For  this  crossing  a 
pipe  I  inch  thick  and  weighing  about  2700  pounds  per  12-foot 
length  was  used.  This  pipe  was  of  the  ordinary  bell-and-spigot 
type,  but  made  extra  thick  to  provide  for  deterioration  from 
rust,  etc. 
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The  location  of  the  pipe  crossing  is  60  feet  north  of  the 
bridge,  the  river  being  here  about  35  feet  wide  and  having  a 
maximum  depth  of  3^  feet.  The  top  of  the  pipes  were  laid  one 
foot  below  the  bottom  of  the  river  bed  at  its  lowest  point.  On 
the  east  side  the  ground  slopes  gradually  to  the  water,  while 
on  the  west  bank  there  is  a  rough  retaining  wall  about  i^  feet 
high.  The  work  of  making  this  crossing  was  included  in  the 
pipe-laying  contract  of  Bruno  &  Salomone,  of  Boston,  and  was 
begun  about  the  ist  of  June,  1899,  on  the  east  bank  of  the  river. 

A  section  of  coffer  dam  5  feet  wide  inside,  starting  about 
fifteen  feet  back  from  the  edge  of  the  stream, was  built  about  thirty 
feet  out  into  the  river  and  securely  bulkheaded.  The  sheeting 
used  on  this  section  was  ordinary  spruce  plank  2  inches  thick 
and  about  8  feet  long,  driven  about  one  foot  below  the  bottom 
of  the  trench.  The  material  taken  from  this  trench  was  sandy 
clay  and  was  banked  about  outside  of  the  sheeting.  Very  little 
water  came  in  through  this  material,  one  hand  pump  easily  keep- 
ing the  trench  dry.  Three  pipes  were  laid  in  this  trench  and  a 
bulkhead  built  just  back  of  the  last  bell.  When  this  work  was 
done,  pairs  of  4  x  4-inch  stakes  about  5  feet  long  were  driven 
on  each  side  of  the  line  of  the  proposed  trench  at  intervals  of 
about  ten  feet  across  the  river.  These  stakes  were  thoroughly 
secured  to  each  other  by  2-inch  planks,  spiked  between 
them  both  with  and  across  the  current.  On  this  foundation 
was  placed  a  platform  for  supporting  the  derricks,  pumps,  etc. 
Later,  other  2-inch  planks  were  spiked  to  the  posts  cross- 
ways  of  the  river  and  fastened  to  them  as  far  down  in  the 
water  as  was  possible.  These  planks  helped  to  confine  the  gravel 
and  clay  that  was  packed  around  outside  the  sheeted  trench. 

About  ten  or  twelve  feet  on  each  side  of  the  line  of  the 
trench,  and  also  across  the  end  about  two  feet  beyond  where  it 
was  intended  to  stop  this  section,  a  dam  of  sand  bags  was  built. 
The  bags  used  were  50-pound  coft'ee  bags  filled  with  sand,  and 
were  laid  three  or  four  tiers  high. 

After  this  portion  of  the  work  was  finished,  3-inch  tongued- 
and-grooved  planks,  about  8  feet  long,  were  driven  in 
two  parallel  lines  about  five  feet  apart,  and  the  material  excavated 
was  thrown  around  the  outside  of  the  sheeting,  between  it  and 
the  sand  bag  dam  previously  built.  In  the  bottom  of  the  trench  the 
material  was  found  to  be  gravelly,  but  one  hand  pump  was  suffi- 
cient to  handle  the  water.  When  the  pipes  were  laid  in  this 
section,  a  bulkhead  similar  to  that  used  in  the  preceding  section 
Avas  built.    These  bulkheads  served  as  the  rear  end  of  the  trench 
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when  a  new  section  was  opened,  and  alloweil  the  bell  end  of  the 
pipe  already  laid  to  project  into  the  new  section  of  trench.  After 
the  pipe  was  laid  and  backfilled,  the  sheeting  was  pnlled,  and 
the  sand  bags  in  the  side  walls  were  taken  up  and  moved  ahead 
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Feet 

Plate  III.     Flax  and   Sections  of 
Coffer  DA>r,  Malden  River,  1898. 


Plate  IV.     Plan  and  Sections  of 
Coffer  Dam,  Mystic  River,  1899. 


to  form  the  walls  of  the  next  section,  which  extended  from  about 
the  center  of  the  river  to  the  west  bank  and  completed  the  cross- 
ing. The  sand  bags  in  the  end  were  also  taken  up  and  moved  back 
into  the  stream  till  they  were  just  back  of  the  bulkheaded  por- 
tion of  the  pipe,  and  when  the  same  process  of  filling  with  clav 

[2"."' 
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and  driving  the  sheeting  had  been  finislied,  this  portion  of  the 
pipe  was  inside  the  coffer  dam.  Less  care  was  taken  with  this 
section,  and  three  hand  pumps  were  necessary  to  take  care  of  the 
water.  Plate  IV  shows  a  plan  and  sections  of  the  coffer  dams. 
The  total  cost  of  the  work  was  estimated  to  be  about  $7  per  lineal 
foot. 

SAUGUS   RIVER    CROSSING — 20-INCH    PIPE. 

Nahant  and  Swampscott  having,  in  1898,  applied  for  permis- 
sion to  enter  the  Metropolitan  Water  District,  it  became  neces- 
sary to  lay  a  main  for  their  supply.  On  the  line  of  this  main  it 
was  necessary  to  cross  the  Saugus  River  on  Broadway  at  the 
Fox  Hill  bridge,  between  Lynn  and  Saugus. 

The  Saugus  River  at  this  point  is  a  tidal  stream  varying  in 
width  from  about  500  feet  at  high  water  to  about  250  feet 
at  low  water,  the  average  rise  and  fall  of  the  tides  being  about  iq. 
feet,  and  there  being  a  maximum  depth  of  about  5  feet  in  the 
channel  at  low  water.  From  rod  soundings  it  was  found  that  the 
bed  of  the  river  was  composed  of  a  stratum  of  river  mud  varying- 
in  depth  from  4  to  10  feet  and  overlying  a  stratum  of  silt 
containing  more  or  less  coarse  sand.  Three  plans  were  some- 
what considered  for  crossing  this  river:  one  to  lay  an  entirely 
submerged  line,  another  to  lay  the  pipe  wholly  above  water  in  a 
box  attached  to  the  bridge  and  the  third  a  combination  of  the 
other  two.  The  principal  objection  to  the  first  was  the  expense,, 
especially  as  it  seemed  likely  that  a  pile  foundation  would  be 
necessary  the  whole  distance.  To  the  second  plan  the  objection 
was  that,  although  the  existing  draw  was  very  narrow  and  had 
not  been  used  for  a  long  time,  yet,  on  account  of  certain  wharf 
privileges  further  up,  it  would  have  been  difffcult,  without  con- 
siderable expense,  to  obtain  permission  to  permanently  close  it 
to  navigation.  The  third  method  was  adopted,  and  it  was  decided 
to  carry  the  pipe  inclosed  in  a  box  on  the  bridge  as  far  as  the 
channel  and  to  cross  this  by  an  inverted  siphon  similar  to  those  in 
use  at  several  of  the  river  crossings  in  Boston  and  described  by 
Mr.  Brackett  in  a  paper  before  this  Society  published  in  the 
Journal  of  the  Association  of  Engineering  Societies  for 
February,  1886.  This  siphon  consisted  of  a  cast  iron  pipe  sur- 
rounded with  concrete  and  boxed  with  heavy  timbers  thoroughly 
bolted  together.  The  shape  of  this  siphon  was  like  three  sides  of 
a  parallelogram,  the  middle  side  resting  on  the  bottom  of  the 
river  about  twelve  feet  below  Boston  city  base  and  the  two  other 
sides  standing  one  on  each  side  of  the  channel  forty-five  feet  apart. 
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About  I  he  time  it  was  inteiulod  to  la\-  this  ])i])c,  the  L)nn  and  Bos- 
ton Street  Railway  Conipany  decided  to  widen  the  existing  bridge 
and  so  obtain  a  portion  that  could  be  used  exclusively  by  them. 
Arrangements  were  made  with  the  railroad  company  and  their 
plans  modified  to  the  extent  of  driving  extra  piles  west  of  the 
l)ri(lge  in  all  the  pile  bents  and  extending  their  girder  caps  about 
six  feet.  On  the  foundation  thus  formed  was  placed  the  pipe  box 
afterward  l)uilt. 

In  the  last  part  of  ^larch,  1899,  the  contract  for  building  the 
pipe  boxes  ami  sii)lu)n  was  awarded  to  W.  H.  Ryan  &  Co.,  of 
East  Boston,  and  the  work  of  getting  ready  the  materials  was 
at  once  begun. 

The  siphon  box  was  framed  and  fitted  at  a  lumber  yard  at 
East  Boston,  then  partially  taken  apart,  loaded  onto  a  lighter  and 
carried  to  the  site  of  the  proposed  work.  The  box  was  built  of 
first  quality  hard  pine  lumber,  bolted  and  strapped  together.  The 
dimensions  of  the  lumber  and  detail  of  the  bolting  is  shown  on 
the  plan  and  elevation  on  Plate  W  A  trench  was  dredged  across 
the  channel  to  receive  the  bottom  portion  of  the  siphon,  and  two 
of  the  four  guard  piles  about  each  of  the  upright  portions  were 
driven  to  serve  as  guides  in  lowering  the  box:. 

In  the  dredged  trench  two  bents  of  two  spruce  piles  each 
were  driven  and  cut  ofif  as  far  down  as  possible  at  knv  water. 
These  piles  were  capped  with  14  x  14-inch  hard  pine  riders  at 
right  angles  to  the  trench,  the  caps  being  held  in  place  with  iron 
dogs.  At  high  water  the  bottom  portion  of  the  box  w^as  floated 
into  place  directly  over  the  pile  caps,  and  at  low  water  it  was 
allowed  to  settle  dowai  upon  them,  where  it  was  securely  held  from 
again  floating  l)y  cross-braces  bolted  to  the  surrounding  piles. 
The  outer  and  two  side  pieces  of  the  vertical  portions  were  then 
"bolted  into  place  during  succeeding  low  water  periods,  wdiile  at 
high  water  work  was  done  t)n  the  pipe  box  on  the  bridge. 
Before  placing  the  inner  sides  of  the  vertical  portions  and  the  top 
of  the  horizontal  part,  the  pipe  was  laid  by  the  Maintenance  Force 
of  the  Water  Board.  As  there  was  only  2  feet  and  8  inches  clear- 
ance inside  the  box,  which  was  not  sufficient  to  properly  calk  the 
joints  after  the  pipe  was  put  in,  the  pipe  for  the  bottom  portion, 
including  the  two  20-inch  one-cjuarter  curves,  w^as  made  up  and 
bolted  together  with  li-inch  steel  rods  and  turn  buckles,  the  pipe 
resting  on  cross  timbers  which  in  turn  rested  on  the  side  walls  of 
the  box,  so  that  the  pipe  was  directly  over  its  proposed  position. 
When  the  joints  had  been  made  up  and  calked,  the  pipe  w^as 
raised  by  four  pipe  jacks,  the  cross-timbers  taken  out  and  the 
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pipe  lowered  into  its  place  in  the  box.  After  lowering,  the  joints 
were  carefully  examined,  and,  no  movement  being  apparent,  Port- 
land cement  concrete  in  the  proportion  of  1-2-4  ^"d  mixed  rather 
wet  was  put  all  around  the  pipe  up  to  the  top  of  the  side  timbers, 
and  the  top  was  then  bolted  on. 

The  vertical  pipes  were  readily  placed  in  position,  as  all  the 
inside  timbers  and  the  outside  key  pieces  were  left  out  in  order 
to  give  room  for  the  pipe  work.  After  one  pipe  had  been  placed 
in  the  uprights  on  each  side,  the  timbers  were  bolted  on  and  the 
space  between  the  pipe  and  box  was  filled  with  concrete,  thor- 
oughly rammed  with  a  long  stick.  The  upper  pipes  in  the  ver- 
ticals were  not  laid  until  the  siphon  had  been  lowered,  and  then 
at  low  water  the  bells  of  the  pipes  already  laid  were  out  of  water. 
The  vertical  portions  were  tied  together  with  i|-inch  rods,  which 
were  held  in  place  by  templates  while  the  concrete  was  being 
put  in. 

For  lowering  the  siphon,  several  methods  were  suggested, — 
one,  that  professional  riggers  be  employed  and  lower  it  by  means 
of  shears  erected  on  the  bridge;  another,  that  two  lighters  be 
used,  which,  being  lashed  to  the  siphon  at  high  water,  would 
allow  it  to  settle  into  place  with  the  fall  of  the  tide.  Either  of 
these  methods  was  feasible,  but  the  following  method  was  em- 
ployed and  was  much  the  cheapest  and  in  many  respects  the  most 
satisfactory.  A  building  mover  having  been  engaged,  the  four 
guard  piles  which  had  now  been  driven  about  the  vertical  por- 
tions were  cut  off  level  with  the  tops  of  the  girder  caps  in  the 
bridge.  Two  14  x  14  hard  pine  timbers  were  placed,  one  on 
each  side  of  the  upright  portions;  on  these  timbers  a  crib  work 
of  blocking,  such  as  is  used  in  house  moving,  was  built  around 
the  upright  parts  of  the  siphon  to  a  point  about  two  feet  below 
their  tops.  The  method  employed  in  lowering  the  siphon  is  shown 
on  Plate  IX. 

At  the  top,  four  heavy  timbers  were  tightly  clamped  to  the 
verticals  by  means  of  ^-inch  iron  rods,  and  just  above  these  clamps 
holes  were  bored  in  the  timbers  and  iron  plugs,  2  inches  in 
diameter,  were  driven  in.  Under  the  clamps,  and  resting  upon 
the  blocking,  building  movers'  jack-screws  were  placed.  At  first 
eight  were  used  to  each  vertical,  but  later  six  were  found  to  be 
enough.  When  all  was  ready,  the  screws  were  tightened  just 
enough  to  raise  the  siphon  box  clear  of  the  pile  caps  on  which  it 
rested;  these  caps  were  then  removed  and  the  work  of  lowering 
the  box  was  begun.    This  work  was  continued  without  accident 
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until  tlic  box  restctl  on  the  bottom  of  the  trench  dredged  to  re- 
ceive it.  The  total  time  employed  in  lowering  the  siphon  from 
the  time  the  first  block  was  placed  tmtil  the  last  was  removed  was 


three  and  a  half  days,  and  the  siphon  was  lowered  at  the  rate  of 
about  one  foot  per  hour  during  the  time  the  jacks  were  in  use. 
The  total  weight  resting  on  the  jacks,  when  the  siphon  was  first 
raised  to  take  out  the  pile  caps  under  it,  was  about  67  tons. 
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After  standing  tor  about  two  hours,  levels  were  taken  on 
the  uprights,  and  the  next  day,  when  levels  were  again  taken, 
it  was  found  that  there  liad  been  a  settlement  of  about  0.15  feet. 
After  this  no  further  settlement  was  noticed,  although  levels  were 
taken  from  time  to  time  for  about  a  month. 

After  lowering  the  siphon,  a  fender  guard  was  built  around 
the  exposed  ends  and  portions  of  the  old  pier  which  it  was 
necessary  to  remove  wiere  rebuilt.  Crossing  the  bridge  and  rest- 
ing on  the  foundation  previously  spoken  of.  the  pipes  are  carried 
in  a  double  wooden  frost  box  (^showni  on  Plate  X").  the  outer 
box  being  of  white  pine  sheething  about  4  feet  and  9  iiiches  by 
3  feet  and  6  inches,  and  the  inner  box  being  of  spruce  3  feet  and 
o  inches  wide  and  2  feet  high.  The  tops  of  these  boxes  are  in 
short  sections  fastened  downi  with  lag  screws,  and  if  necessarv 
the  pipe  for  its  entire  length  in  the  box  could  readily  be  exposed. 
Tliis  box  was  about  470  feet  long.  After  the  bottom  and  sides 
were  in  place,  the  pipes  were  laid  by  the  ^[aintenance  Department, 
the  pipes  being  first  delivered  onto  a  lighter  and  by  it  hoisted  into 
place.     The  estimated  cost  of  t";  'ox  was  S4-40  per  lineal 

foot,  or  S46  per  M.  B,  M.  for  used.     Tlie  cost  of  the 

siphon,  exclusive  of  pipe  la>ing  and  concrete,  was  $18.50  per 
lineal  t  ^.12  per  M.  B.  ^^  /!>er  used.    The  concrete 

cost  S7  c  yard  in  place.  .  .   cost  of  the  pipe  !a>-ing. 

everxthing  included,  was  83.20  per  lineal  foot. 

CHARLES    RRXR    CROSSIXG 20IXCH    PIPE. 

For  the  supply  of  Watenowii  and  Belrnont,  it  was  necessar}- 
:  r  acTOS^  ~    -rles  River  at  a  point  nearly 

..,_--.:.  :-:.__---,-  -  rreei,  in  .  .  ;  _: .  and  Irving  street,  in  \\\-.t e r- 
town. 

The  river  :.         -  -  stream  about  315  feci  wide 

and   var^^ng   i::     ...- -    :      6    feet,    depending   on    the 

heigtit  of  the  tide  and  the  discharge  from  the  mills  further  up  the 
river.     The  work  at  this  river  crossing  was  inc.  a  pipe- 

Ia3~ng  contract  aTsrarded  to  E.  \V.  Everson  &;  Cc.     .  -  :_  adence. 
and  this  part  of  the  work  was  began  June  21  and  finished  August 
27.  1S98.    The  materia!  red  in  the  river  bed  was  a  grav- 

elly clay,  in  places  very  ...:.; ,.  _  excavate,  but  allowing  very  little 
water   to   percolate   through   it   into   the   trench.    The   trench 
was  dxxg  about  5  feet  wide  at  "  25  feet  wide  at 

the  top.     For  the  greater  part  . .  ....      .:.     :...  ^.verage  depth  of 

the  trench  was  8  feet  below  the  river  bottom:  but  for  a 
distar^ce   of  abccrt    100  feei   it  was    11    feet   deep,   in   order  to 
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On  account  of'  the  depth  of  water,  there  is  considerable 
traffic  on  the  stream  at  all  stages  of  the  tide  to  and  from  the 
numerous  iron  foundries  and  coal  and  oil  wharves.  One  of  the 
existing  pipe  lines  was  20  inches  in  diameter  and  was  laid 
about  1850;  the  other  line  was  24  inches  in  diameter  and 
laid  in  1871.  The  former  line  was  so  badly  tuberculated  and  cor- 
roded' that  it  had  been  practically  out  of  commission  for  the  past 
few  years,  and  existed  only  as  an  emergency  line  in  case  of  acci- 
dent to  the  other.  The  Boston  Water  Department  had  intended 
to  relay  this  line  and  had  bought  the  pipes,  but  before  the  work  of 
laying  them  was  begun  both  lines  were  taken  by  the  Metropoli- 
tan Water  Board,  and  the  work  was  done  under  its  direction,  the 
pipes  being  brought  from  the  city  of  Boston.  In  the  paper  by 
Mr.  Brackett,  mentioned  above,  sketches  of  the  flexible  joints 
used  on  both  lines  are  shown  and  a  description  is  given  of  them. 
Concerning  the  method  of  laying  the  older  pipe,  Mr.  Brackett 
says :  "This  pipe  was  prepared  on  a  staging  and  lowered  by  tackle 
into  the  trench,  which  was  then  filled  with  gravel  and  clay."  After 
the  trench  was  dredged  for  the  new  pipe  line,  the  diver  encoun- 
tered a  number  of  piles  at  various  places  across  the  channel,  which 
probably  were  portions  of  this  staging,  and  when  the  old  pipes 
were  removed,  nearly  all  the  flexible  castings  had  a  rope  sling 
about  them. 

Previous  to  letting  the  contract  for  the  pipe  laying,  both  lines 
of  pipe  were  located  as  well  as  possible  by  rod  soundings.  These 
soundings  were  taken,  from  a  raft  anchored  in  the  stream,  by 
men  using  a  rod  made  up  of  15-foot  lengths  of  f-inch  gas  pipe 
coupled  together.  The  soundings  were  located  by  angle  and 
stadia  distance  from  a  point  on  a  platform  built  on  one  of  the 
fender  guards  near  by.  On  account  of  the  depth  of  water  and  the 
strength  of  the  current  and  the  peculiar  manner  in  which  the 
pipes  were  laid,  much  difficulty  was  experienced  in  locating  the 
pipe,  and  at  times  it  seemed  as  if  the  bottom  of  the  river  might 
be  covered  with  pipes.  However,  after  repeated  soundings,  a 
line  was  at  last  determined  upon,  where  the  pipe  at  any  rate 
ought  to  be  located,  and  later,  when  the  pipe  was  removed,  it 
actually  was  found  very  nearly  as  expected.  Early  in  August, 
1900,  the  contract  for  removing  the  existing  20-inch  pipes,  laying 
the  new  line  of  24-inch  pipes  and  rebuilding  the  pile  fender  guards 
and  dolphins,  which  were  badly  decayed,  was  awarded  to  Messrs. 
MacRitchie  &  Nichol,  of  Chicago,  the  same  firm  that  had  suc- 
cessfully laid  the  submerged  pipes  at  the  Mystic  and  Charles 
River  crossings. 


srHMi'.Kc.i:!)  I'll']-:  ckossixcs. 


l'"or  abcnil  200  feet  on  the  Chelsea  side  and  for  about  750 
feet  on  the  East  Boston  side  of  the  channel  the  existing  pipes 
rested  on  a  pile  foundation,  raised  only  a  very  little  above  the 
surface  of  tlic  nnid  Hats,  and  were  wholly  exposed  and  unpro- 


Pi.ATK   VI.     Scow   Raising   Old  20-ix.    Pipk. 

tectcd  at  low  water.  These  pipes  were  of  the  ordinary  bell-and- 
spigot  type,  but  only  9  feet  long.  Originally  the  walls  of  the 
pipes  had  been  seven-eighths  of  an  inch  in  thickness,  as  was 
shown  by  the  measurement  of  the  spigot  end  of  a  pipe  which 
was  pulled  out  of  the  bell  on  the  next  pipe  to  it.     Beside  the 
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fact  that  the  whole  barrel  of  these  pipes  was  somewhat  reduced  in 
thickness,  there  were  also  many  places  where  the  rim  had  be- 
come softened  and  could  be  cut  into  for  a  quarter  of  an  inch 
with  a  knife.  After  removal,  both  the  pipes  above  low  water, 
as  well  as  those  below,  were  found  to  be  very  badly  tuberculated, 
the  inside  diameter  of  the  pipes  being  reduced  as  much  as  two 
inches  with  a  solid  mass  of  incrustation.  Below  low  water  the 
pipes  were  laid  with  a  peculiar  swivel  joint,  which  was  so  de- 
signed that  it  allowed  the  freest  possible  motion  vertically,  but 
allowed  no  deflection  horizontally.  These  pipes  and  specials  were 
all  connected  together  with  flanged  joints.  The  straight  pipes 
were  9  feet  in  length  and  at  the  end  of  each  three  pipe  section 
one  of  these  joints  was  used,  making  a  right-angled  offset  in  the 
pipe  line. 

These  pipes  were  if  inches  thick,  and  when  covered  with  clay 
the  iron  was  excellently  preserved.  After  the  pipes  were  uncov- 
ered by  a  dredge  they  were  lifted  from  the  bottom  in  short  sec- 
tions by  the  shears  and  tackle  on  a  large  wrecking  scow  and  taken 
away,  becoming  the  property  of  the  contractor.  The  method  of 
raising  is  shown  on  Plate  VI,  where  a  section  with  one  of  the 
flexible  joints  is  being  hoisted.  Above  low  water  the  pipes  were 
broken  by  sledges  into  two-pipe  sections  and  raised  by  the  scow 
afterward  employed  in  laying  the  24-inch  pipes.  The  pipes  relaid 
above  low  water  were  0.95  inches  thick,  having  ordinary  bell-and- 
spigot  joints,  and  the  iron  of  which  they  were  made  was  of  a  spe- 
cial composition  which  it  was  expected  would  resist  corrosion 
to  a  considerable  extent.  Below  low  water  the  pipes  were  1.25 
inches  thick  and  had  ball-and-socket  joints  similar  to  those  used 
at  the  Mystic  and  Charles  River  crossings,  and  described  above. 
In  laying  the  pipes,  both  above  and  below  low  water,  a  large 
scow  about  75  feet  long  and  25  feet  wide,  with  a  flush  deck,  was 
used.  The  scow  was  hired  by  the  contractors,  who  themselves 
fitted  it  out  with  winches,  derricks  and  slide  for  lowering  the  pipe. 
Winches  were  employed  to  move  the  scow  by  means  of  anchor 
lines.  For  lowering  the  pipe  two  stiff-legged  derricks  and  a 
curved  slide  were  used  for  the  pipe  laid  below  low  water,  while  for 
that  laid  above  low  water  only  the  derricks  were  used.  The  slide 
or  cradle  by  means  of  wdiich  the  pipes  were  laid  below  low  water 
was  about  75  feet  long  and  built  curved  in  shape  to  an  80-foot 
radius,  which  was  a  little  less  than  the  maximum  deflection  to 
which  the  pipes  could  be  laid.  This  slide  was  well  braced  and 
trussed  and  hung  by  wire  ropes  from  the  larger  of  the  two  der- 
ricks, the  other  derrick  being  used  to  raise  or  lower  the  tail  end 
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of  the  slide,  so  that  it  might  at  all  times  be  tangent  to  the  bottom 
of  the  dredged  trench.  The  tackle  was  so  arranged  that  the 
whole  slide  could  be  raised  or  lowered  vertically  or  tipped  at  any 
angle  in  a  vertical  plane.  On  the  tail  end  of  the  slide  was  a 
wooden  shoe,  about  4  feet  long,  for  the  purpose  of  making  the 
slide  rest  more  evenly  on  the  bottom;  this  shoe  also  probably 
served  to  even  off  small  irregularities  along  the  bottom  of  the 
trench.  An  elevation  of  this  scow  is  shown  in  Plate  VII. 
In  the  first  place,  this  slide  was  filled  with  pipes,  the 
joints  of  which  were  leaded.  The  scow  was  then  worked  into 
proper  position  at  high  tide,  and  the  tail  end  of  the  slide  was 
tilted  down  until  it  rested  on  the  bottom  of  the  river,  but  at  such 
a  depth  that  the  end  of  the  pipe  would  be  exposed  at  low  water. 
This  end  of  the  pipe  was  then  securely  anchored  and  the  scow 
pulled  ahead  about  twelve  feet,  causing  the  pipe  to  be  pulled 
down  the  slide.  Another  pipe  was  then  placed  in  the  slide  by  a 
small  boom  derrick  and  the  process  repeated  until  all  these  pipes 
had  been  placed  in  the  cradle  and  slid  down  into  the  trench 
dredged  across  the  channel.  This  work  is  shown  on  Plate  VIII. 
During  the  work  the  pipes  were  stored  on  a  large  lighter  moored 
a  short  distance  away,  while  for  the  immediate  work  ten  or  twelve 
pipes  were  stored  on  the  pipe-laying  scow  and  a  smaller  scow  that 
served  as  a  tender.  The  laying  of  the  fifty-four  pieces  of  sub- 
merged pipe  actually  occupied  two  weeks.  Above  low  water  the 
pipes  were  laid  on  the  same  pile  foundation  as  had  supported  the 
previous  pipe  line;  the  piles  were  thoroughly  examined,  and,  al- 
though they  had  been  in  use  such  a  long  time,  they  were  found 
to  be  perfectly  sound  below  the  mud  line,  and  only  a  little  de- 
cayed on  the  outsides  of  the  piles  for  the  portion  above  the  mud. 
In  laying  this  portion  of  the  pipe  line  the  pipes  were  usually  made 
up  in  four-pipe  sections  on  the  scow,  which  was  floated  approxi- 
mately into  position  at  high  water  and  the  pipe  lowered  onto  the 
pile  caps.  At  low  water  these  sections  were  pulled  together  with 
tackle  and  falls  and  the  joint  between  them  leaded.  After  the 
pipes  were  all  laid,  the  joints  both  above  and  below  low  water 
were  thoroughly  calked.  When  completed,  the  pipe  line  was  sub- 
jected to  a  hydrostatic  test  of  eight-four  pounds  per  square  inch 
for  sixty  minutes  and  the  leakage  recorded  by  the  flow  through  a 
f-inch  meter  was  barely  perceptible.  For  dredging  and 
lining  the  pipe,  ranges  were  set  up  on  each  shore,  and  by 
means  of  the  quarter  lines,  tne  scows  were  easily  kept  in  line. 
For  stationing  and  l(K-ation,  ranges  were  set  on  the  Meridian 
street  bridge,  which  was  about  1000  feet  away  and  about  parallel 
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with  the  work.  Tlicse  ranges  were  so  placed  that  hues  drawn 
through  them  and  a  prominent  church  spire  in  Charleston  would 
intersect  stations  on  the  pipe  line.  To  distinguish  the  station, 
large  squares  of  white  canvas,  with  solid  black  figures  about 
a    fool   liigh,   were  nailed   under  each  of  the   ranges.     For  keep- 
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ing  the  slide  from  which  the  i:)ipe  was  laid  in  proper  position 
HI  relation  to  the  bottom  of  the  trench,  a  profile  of  the  trench 
was  drawn  on  paper  and  a  paper  model  of  the  slide  cut  out 
to  the  same  scale  as  that  to  which  the  profile  was  drawn.  Know^- 
ing   the    depth    of   the    water    at    any    station    from    elevation    of 
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the  tide,  read  from  tide  gages  located  near  by,  the  bottom  of  the 
slide  could  be  readily  adjusted  and  kept  tangent  to  the  bottoni 
of  the  river  by  placing  it  in  similar  position  to  that  of  the  model. 
In  the  spherical  joints  130  pounds  of  lead  per  joint  was  used^ 
while  the  ordinary  joints  took  about  53  pounds.  Of  the 
lead  used,  about  two  tons  was  recovered  from  the  joints  in  the 
old  20-inch  line. 

The  cost  of  this  work  per  lineal  foot,  estimated  from  the  force 
accounts  kept  by  the  inspector,  was  : — 

For  removing  the  existing  pipe  and  laying  the  pipe  with 
spherical  joints,  $8.25,  and  for  removing  and  laying  the  pipe  with 
ordinary  joints  above  low  water,  $2.25.  These  figures  do  not 
include  the  cost  of  the  pipe,  nor  do  they  take  into  account  anything" 
which  may  have  been  received  for  the  old  pipe.  A  rental  value  for 
the  use  of  the  plant  is  included,  and  the  cost  of  the  dredging  was- 
estimated  from  a  rental  value  of  the  dredges. 

The  costs  which  have  been  given  above  for  the  several  river 
crossings  are  the  actual  costs  to  the  contractors  doing  the  work, 
estimated  from  notes  and  force  accounts  kept  by  the  inspectors 
on  the  work.  In  giving  these  costs,  it  has  seemed  that  the  cost 
per  lineal  foot  would  be  of  as  much  value  as  a  more  detailed  state- 
ment. While  there  is  every  reason  to  believe  that  the  figures- 
are  very  near  the  actual  cost,  yet  this  work  itself  is  of  such  special 
nature  that  the  same  conditions  under  which  it  was  done  might 
never  again  be  encountered,  and  other  conditions  would  probably 
modify  the  cost  so  that  the  detailed  figures  could  only  be  used 
by  one  thoroughly  familiar  with  the  circumstances  under  which 
the  figures  were  obtained. 

It  may  also  be  said  that  the  actual  cost  of  any  engineering- 
work  which  has  been  successfully  completed  without  accident 
should  only  be  used  as  a  basis  for  estimating  similar  work. 

Experience  and  judgment  should  dictate  allowances  to  be 
made  for  unexpected  conditions  or  mishaps. 

DISCUSSION. 

Mr.  Clemens  Herschel  (by  letter). — To  the  description  of 
the  several  methods  of  laying  water  pipe  under  and  across  rivers 
given  by  Mr.  Saville,  it  seems  fitting  to  add  another,  showing  a. 
method  devised  and  used  by  the  writer  five  years  ago  to  convey 
water  across  the  Passaic  River  at  Eielleville,  N.  J-  At  this  point  the 
Passaic  River  is  a  tidal  stream,  with  a  mud  bottom,  mud  flats  or 
wharves  on  either  side,  about  600  feet  wide  between  highwater 
lines,  some  15  feet  deep,  and  about  4  feet  of  tide  and  considerable 
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navit;atioii  dh  ilic  v'ww  daily.  Tlic  proUkni  was  to  connect  two 
42-inch  steel  pipes,  carrying  some  40.000.000  gallons  daily  under 
some  350-foot  head  at  the  river,  and  it  seemed  to  the  writer  that  no 
form  of  flexible  joint  would  answer  the  purpose;  for  the  reason 
thac  such  joints,  even  wdien  well  made  and  water-tight  at  the  outset, 
would,  under  the  pressure  named,  soon  wear  or  cut  out  and  cause  an 
undue  loss  of  water  by  leakage.  A{  such  high  pressures  lead  will 
cut  out  under  the  actii^n  of  even  very  minute  jets  of  water,  like  a 
softer  substance  would  under  the  effect  of  streams  at  ordinary 
pressures,  and  any  effect  of  that  sort  will  proceed  more  and  more 
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rapidly  as  the  escaping  streams  enlarge  and  as  time  goes  on.  It 
seemed  to  the  writer  that  this  consideration  and  the  locality  named 
positively  excluded  all  forms  of  leaded  joint. 

Instead,  he  was  led  to  reflect  that  while  the  ordinary  screw- 
joint  may  be  called  a  stiff  joint,  yet  a  pipe  line  600  or  more  feet 
long.  W'hen  made  up  of  20-foot  lengths  wath  screw  joints,  would 
liave  considerable  flexibility.  A  piece  of  bamboo  two  or  three 
inches  long  is  a  very  stiff"  thing  when  observed  by  our  gross 
senses,  but  the  same  bamboo  twenty  feet  long  can  be  bent  into  a 
circle  without  breaking  and  with  perfect  ease.     Similarly,  a  four- 
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foot  riveted  steel  pipe  is  a  rigid  structure,  in  the  ordinary  sense 
of  the  term,  but  a  hne  of  it  500  feet  long  will  readily  bend  to  a 
circle  of  1500  feet  radius,  and,  what  is  very  important,  without 
even  starting  leaks  in  it.  I  have  seen  such  a  pipe  (500  or  600  feet 
in  length)  float  out  of  the  trench  it  had  been  laid  in,  arrange 
itself  in  graceful  reversed  curves  on  the  surface  of  the  ground, 
and  yet  be  apparently  none  the  worse  for  its  adventure  after  it 
had  again  been  forced  back  into  the  original  ditch. 

Most  pipe  lines  would  float  in  water,  and  to  remain  on  the 
bottom,  while  empty,  would  have  to  be  loaded. 

The  plan  adopted  was,  therefore,  upon  these  considerations, 
to  lay  seven  parallel  lines  of  18-inch  lap-welded  steel  pipes,  with 
screw  joints,  and  loaded  by  cast  iron  reinforcements  at  each  joint, 
by  means  of  dragging  the  pipe  line  across  the  bottom  of  the  river 
in  a  trench  dredged  for  the  purpose,  and  this  was  successfully 
done  without  the  slightest  mishap  except  unimportant  ones  dur- 
ing the  first  attempts  on  the  first  of  the  seven  lines.  The  seven 
lines  have  been  in  use  now  about  five  years  and  have  never  leaked. 
I  know  this,  because  there  is  a  Venturi  meter  on  each  side  of  the 
river,  both  of  which  are  read  and  compared  daily. 

The  pipe  lines  were  put  together  on  one  shore  in  200-foot 
sections;  that  is  to  say,  200  feet  of  pipe  was  put  together,  a 
temporary  cap  was  placed  at  the  two  ends,  and  while  keeping 
the  pipe  full  of  compressed  air  (to  detect  leaks)  the  200-foot 
length  was  hauled  out  into  the  river  by  an  ordinary  hoisting  en- 
gine set  up  on  the  opposite  shore.  The  loading  of  the  pipe  having 
been  so  proportioned  that  there  was  only  a  slight  excess  of  weight 
over  the  power  of  flotation,  this  hauling  over  was  really  a  very 
simple  matter.  Tlie  first  200  feet  once  hauled  out  into  or  under 
the  river,  the  inshore  cap  could  be  taken  ofif,  another  200  feet  joined 
on,  the  cap  be  now  replaced  and  the  process  first  above  de- 
scribed could  be  repeated,  and  again  repeated,  until  the  end  first 
launched  appeared  above  water  on  the  opposite  shore. 

So  satisfactory  was  the  plan  pursued  that,  were  I  to  repeat 
it,  I  should  not  hesitate  an  instant  to  haul  across  one  42-inch 
riveted  pipe  in  the  manner  described,  rather  than  seven  lines  of 
18-inch  pipe.  At  moment  of  writing,  this  plan  of  operation  has 
been  adopted  for  laying  a  6-foot  steel,  riveted  pipe  across  a  tidal 
stream.  In  this  case  the  pipe  must  be  braced  on  the  inside  to 
withstand  the  water  pressure  tending  to  collapse  the  pipe,  but 
this  bracing  will  form  the  load  needed  to  keep  the  pipe  on  the 
bottom  until  it  is  laid  from  shore  to  shore.  In  this,  and  in  every 
case  of  hauling  pipes  or  tubes  in  the  manner  here  described,  the 
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loading  need  never  cause  the  pipe  or  tube  to  weigh  more  than 
a  desired  amount  in  water,  thus  making  the  work  of  hauHng  the 
pipe  or  tube  across  a  simple  matter.  To  diminish  the  amount 
of  flexure  of  this  pipe,  it  will  be  built  on  a  vertical  curve. 

Once  across,  the  6-foot  pipe  is  to  be  encased  in  concrete  and 
this  again  loaded  with  rip-rap,  upon  which  the  interior  bracing 
may  be  removed;  the  bracing  to  be  made  originally  in  form 
permitting  of  an  examination  or  caulking  of  the  pipe  from  the 
interior,  while  it  is  being  hauled  across. 

So  much  being  said,  it  follows  that  pipes  or  tubes  of  any 
diameter  could  thus  be  hauled  across  and  underneath  navigable 
waterways;  and  I  have,  in  fact,  proposed  this  method  not  only 
for  the  laying  of  sub-aqueous  gas  and  water  pipes  and  sewers, 
but  also  for  the  construction  of  sub-aqueous  tunnels. 

In  the  case  of  gas  and  water  pipes  and  sewers,  the  method 
above  described  is  by  far  the  most  economical,  and  produces, 
moreover,  a  tight  and  durable  pipe,  where  flexible  joints  would 
give  trouble  from  excessive  leakage.  The  same  advantage  of 
reduced  cost  is  true  in  most  cases  of  sub-aqueous  tunnels. 

Mr.  F.  a.  McInnes  (by  letter). — The  methods  recently  em- 
ployed by  the  Boston  Water  Department,  under  the  direction  of  the 
City  Engineer,  in  laying  a  12-inch  main  under  Shirley  Gut,  in 
Boston  Harbor,  dift"er  from  any  described  in  the  Saville  papers,  and, 
while  extremely  simple,  may  prove  of  some  interest. 

Shirley  Gut  is  a  short,  narrow  channel  separating  Deer 
Island  from  the  mainland.  At  the  point  where  the  pipe  crossing 
was  made  it  is  350  and  150  feet  wide,  at  high  and  at  low  water 
respectively,  with  12  feet  of  water  at  low  tide.  At  the  same  point, 
fifty  years  ago,  it  was  400  feet  wide  and  50  feet  deep  at  low  water. 

A  storm  from  almost  any  direction  will  often  materially 
change  its  topography,  while  under  the  best  conditions  the  sand 
and  gravel,  through  which  the  channel  flows,  offer  no  inviting 
field  for  excavation,  particularly  as  the  current  is  extremely  fast 
and  the  periods  of  slack  water  very  short.  These  conditions  de- 
manded quick  work,  and  made  the  possibility  of  failure  unpleas- 
antly prominent. 

The  pipe  line  was  first  put  together  on  a  cradle  (on  the  Win- 
throp  shore)  extending  back  from  high-water  mark  on  a  slightly 
rising  grade.  Under  the  cradle  were  4-inch  wooden  rolls,  rest- 
ing on  a  platform.  Each  pipe  was  made  fast  to  a  4-inch  hawser, 
the  latter  being  strained  tightly  as  the  "seizings"  were  made.  A 
trench,  5  feet  deep,  very  wide  on  each  shore  and  about  3  feet  deep 
in  midstream,  was  then  dug  across  the  channel.     This  part  of  the 
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work  was  done  in  four  days  \)y  an  ordinary  dipper  dredge,  its 
success  depending  entirely  upon  good  weather.  The  trench  com- 
pleted, it  was  necessary  to  finish  the  work  with  all  possible  speed. 
A  4|-inch  line,  fastened  to  a  "deadman"  on  the  Deer  Island  shore, 
was  carried  across  the  Gut  through  a  block  on  the  4-inch  hawser  at 
the  end  of  the  pipe ;  again  across  the  Gut  through  a  second  block, 
and  thence  to  a  steam  winch.  At  the  first  period  of  slack  water, 
power  was  applied  and  the  pipe  moved  readily,  being  kept  on  the 
platform  by  a  number  of  men  "cutting"  the  rolls  as  occasion  de- 
manded. As  it  entered  the  water,  empty  oil  casks,  which  had 
previously  been  recoopered  and  fitted  with  fastenings,  were  tied 
to  the  pipe,  the  object  being  to  reduce  the  weight  a  little  more 
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Section  of  12-IN.  Flexible  Pipe. 

Length  over  all,  12  fl.  6.67  iti.     Figured  weight,  1815  lbs.     Deflection,  i  in  4.5. 

than  one-half.  It  was  absolutely  necessary  that  the  pipe  should 
remain  in  the  trench,  at  all  points,  out  of  the  full  force  of  the 
current.  With  a  few  slight  interruptions,  caused  by  its  flexibility 
on  the  platform,  the  pipe  moved  steadily  across  the  channel  to  a 
point  about  half  way  between  high-  and  low-water  mark.  Here 
progress  became  so  slow,  and  the  strain  on  the  ropes  so  great  that  it 
was  deemed  wise  to  "let  well  enough  alone''  and  to  lay  the  next  two 
or  three  pipes  at  the  succeeding  low  tide.  At  slack  water  the  casks 
were  cut  away  by  a  diver.  After  two  or  three  small  leaks  near  the 
shores  were  calked,  the  line  was  tested  and  found  to  be  practically 
tight.  11ie  trench  was  then  filled  in.  Under  favorable  conditions 
of  small  current  and  stable  bottom,  a  short  pipe  line  can  be  laid,  very 
cheaply  and  safely,  in  the  general  manner  described  above. 
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The  pipe  used  was  one  inch  thick,  weighing  1820  pounds  per 
i.-toot  length,  it  was  of  special  design,  very  similar  to  one  of 
the  pipes  described  by  Mr.  SaviUe.  The  spigot  is  turned  to  a  true 
spherical  form,  and  a  raised  ring  is  also  turned  m  the  bell  to  fit  the 
curvature  of  the  spigot.  A  stop  prevents  too  much  deflection  m 
the  joint  Two  lead  scores  were  used.  This  design,  shown  in 
detail  in  the  accompanying  figure,  causes  the  lead  to  remam  m  the 
bell  whatever  position  the  pipes  lay,  a  desirable  point  when  joints 
must  be  calked  umler  water. 
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EXTENSIOX  OF  THK  CiKOlP  THEORY  OF  ATOMS 
ANI>  MOLECULES. 


By  Arthur  A.  Skeels,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 


[Read  before  the  Club,  February  26,   1901.*] 

The  great  importance  of  a  clear  understanding-  of  the  laws 
which  govern  the  properties  and  phenomena  of  matter,  both 
phy.>^ical  and  chemical,  is  self-evident. 

The  great  achievements  of  modern  science  are  due  to  the 
fact  that  we  understand  nature  and  her  laws  better  than  did  our 
fathers,  and  the  still  greater  marvels  to  be  accomplished  in  the 
future  will  be  due  to  a  still  better  insight  into  the  natural  laws 
which  govern  matter  in  its  properties  and  transformations. 

So  vast  is  the  importance  of  this  knowledge  that  it  is  surely 
worth  our  while  to  consider  anything  which  even  possibly  may 
give  us  a  little  more  light  upon  the  many  difficult  problems  ahead. 

The  contents  of  this  paper  give  a  few  of  the  results  and  con- 
clusions of  several  years  of  study.  The  limits  of  the  paper  will 
naturally  allow  only  a  brief  discussion  of  these  conclusions,  and, 
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if  some  of  the  ideas  advanced  seem  to  be  radically  different  from 
those  commonly  accepted,  it  must  be  remembered  that,  while  a  thing 
is  not  always  advantageous  because  it  is  new,  yet  if  we  follow 
exactly  in  the  footsteps  of  our  predecessors  we  cannot  hope  to 
learn  new  truths. 

Scientists  in  general  believe  matter  to  be  composed  of  mole- 
cules, and  the  molecule  to  be  made  up  of  atoms.  For  example, 
a  molecule  of  water  is  the  smallest  particle  of  water  that  can  exist 
as  water.  The  molecule  of  water  is  in  turn  taken  as  composed 
of  two  atoms  of  hydrogen  and  one  atom  of  oxygen;  but  only 
recently  has  the  possibility  of  the  divisibility  of  the  atom  been 
seriously  considered. 

When  light  is  refracted,  as  by  passing  through  a  prism,  it  is 
also  dispersed ;  the  waves  of  shorter  length  are  separated  from  the 
longer  ones,  forming  a  spectrum.  Different  substances,  in  gen- 
eral, give  out  different  kinds  of  light,  and  so  form  different  spectra. 
The  spectrum  of  hydrogen  is  approximately  as  Fig.  i. 

♦Manuscript  received  March  18,   1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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The  four  lines  show  four  different  wave  lengths  of  light,  cor- 
responding- to  6562,  4861,  4340  and  4101  ten-millionths  of  a  milli- 
meter. 

There  may  be  other  lines  outside  of  the  visible  spectrum,  not 
yet  discovered,  but  at  any  rate  the  spectrum  shows  that  hydrogen 
gives  out  light  of  at  least  four  different  wave  lengths.  If  the  vibra- 
tions of  molecules  produce  this  light,  and  if  the  molecules  are 
exactly  similar  in  all  respects,  how  can  they  give  four  different 
wave  lengths? 

If  the  vibrations  of  atoms  produce  this  light,  how  can  the 
vibration  of  atoms,  which  are  exactly  alike  in  all  respects,  give  four 
different  wave  lengths  ? 

If  the  vibrations  of  both  atoms  and  molecules  produce  the 
light,  how  can  we  account  for  more  than  two  different  wave 
lengths  ? 

The  spectrum  of  oxygen  is  approximately  as  Fig.  2. 

That  is,  oxygen  gives  as  many  diff'erent  wave  lengths  as  there 
are  lines  in  the  spectrum.     How  can  the  vibrations  of  one  kind  of 
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molecules  or  one  kind  of  atoms  produce  so  many  different  wave 
lengths  ? 

It  seems  to  me  that  the  only  logical  conclusion  is  that  the 
atom  of  oxygen  is  composed  of  as  many  parts  as  there  are  lines 
in  the  spectrum  and  that  the  vibrations  of  these  parts  cause  the 
light.  Also  the  different  wave  lengths  show  that  these  parts  have 
different  masses,  or  are  acted  upon  by  varying  attractions  while 
vibrating,  or  both. 

The  study  of  the  spectra  of  all  elements  leads  us  to  the  same 
conclusions :  that  the  atom  is  not  the  ultimate  particle  of  matter ; 
that  the  atom  is  composed  of  parts,  and  that  the  number  of  these 
parts  may  be  determined,  more  or  less  accurately,  by  the  number 
of  different  kinds  of  light  emitted ;  that  is,  by  the  number  of  lines 
in  the  spectrum. 

Upon  this  as  a  basis,  aided  by  other  important  considerations 
which  will  appear  as  we  proceed,  we  think  we  have  good  evidence 
to  believe  that  in  the  same  way  that  molecules  are  groups  of  parts 
called  atoms,  so  are  the  atoms  groups  of  smaller  parts,  which  we 
may  call  sub-atoms.  The  sub-atoms  are  groups  of  still  smaller 
parts,  which  we  may  call  sub-subatoms ;  and  by  analogy  these  sub- 
subatoms  are  groups  of  even  more  minute  parts,  and  so  on  until 
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u  siil)-al(iin  is  rcachril  which  is  capahlc  of  no  further  division,  and 
\vc  have  the  ultimate  atom. 

We  know  that  a  few  elements,  hy  different  grouping's  of  the 
atoms  and  nidlccules,  can  form  an  almost  innumerable  number  of 
compounds  widely  differing  in  properties.  We  go  a  step  farther, 
and  assume  that  all  substances  are  made  up  by  different  groupings 
and  compounded  groupings  of  the  ultimate  atoms  of  one  single 
absolute  element. 

The  question  now  naturally  arises,  is  this  theory  consistent 
with  observed  phenomena?  Evidently  the  limits  of  this  paper  will 
not  permit  the  discussion  of  all  i)henomena.  We  will  consider  some 
of  the  most  characteristic. 

We  assume  from  the  spectrum  that  the  oxygen  atom  is  com- 
posed of  more  than  forty  sub-atoms.  The  laws  of  gravitation 
alone  will  explain  why  these  sub-atoms  collect  to  form  an  approxi- 
mately spherical  group.  The  difference  in  wave  length  of  light 
emitted  by  these  sub-atoms  is  evidence  that  they  differ  from  each 
other,  and  hence  the  atom  cannot  be  homogeneous. 
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While  we  would  naturally  expect  that  the  heavier  sub-atoms 
would  collect  at  the  center,  we  also  would  expect  that,  in  the  form- 
ation of  the  atom,  centrifugal  force,  outside  attraction  or  other 
causes  might  modify  this. 

The  chemical  behavior  of  oxygen  seems  to  indicate  that  the 
atom  has  one  side  denser  than  the  other,  as  shown  by  the  shaded 
portion,  of  Fig.  3.  The  center  of  mass,  tlien,  instead  of  being 
at  the  geometrical  center  of  the  atom,  is  displaced  to  within  the 
shaded  portion. 

Two  atoms  of  oxygen,  placed  as  in  hig.  4.  would  have  a  much 
stronger  attraction  for  each  other  than  tliey  could  have  for  any 
other  atom  of  oxygen,  for  no  other  can  get  its  center  of  mass  so 
near  to  be  attracted.  Hence  ordinary  free  oxygen  gas  molecules 
arc  made  up  of  pairs  of  atoms. 

A  very  high  temperature  is  necessary  to  separate  these  atoms, 
and  a  very  low  temperature  is  necessary  in  order  that  the  twins 
shall  have  attraction  enough  to  collect  and  form  a  liquid. 

Similarly  the  chemical  behavior  of  hydrogen  indicates  that 
its  atoms  also  have  a  denser  portion  on  one  side,  and  that  the  free 
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gas  molecules  also  exist  in  the  form  of  twin  atoms.  We  believe 
also,  from  the  fewer  lines  in  the  spectrum,  its  smaller  atomic  weight, 
its  greater  dififusibility,  etc.,  that  hydrogen  atoms  are  much  smaller 
than  those  of  oxygen. 

If,  at  the  ordinary  temperature,  oxygen  and  hydrogen  gases 
are  mixed,  we  may  see  by  Fig.  5  that  the  centers  of  mass  of  the 
hydrogen  molecules  cannot  get  very  close  to  the  oxygen  molecules ; 
no  particular  attraction  takes  place,  and  hence  no  combination. 

If,  however,  the  temperature  be  raised  to  a  point  that  breaks 
up  the  twins,  the  oxygen  atoms  are  separated,  the  hydrogen  twans 
can  get  nearer  the  centers  of  mass  of  the  oxygen  atoms,  and  a  com- 
bination like  Fig.  6  results,  forming  molecules  of  water.  In  chang- 
ing from  the  grouping  of  Fig.  5  to  that  of  Fig.  6  potential  energy 
is  changed  to  kinetic ;  that  is,  heat  is  given  off. 

Even  at  ordinary  temperatures,  the  oxygen  twin  atoms,  in 
collisions  with  other  atoms,  are  continually  subjected  to  strain, 
differing  with  the  temperature,  the  atoms  against  which  they  im- 
pinge and  the  position  of  the  atoms  when  struck;  thus,  at  points 
below  ignition,  some  of  the  twin  atoms  of  oxygen  will  be  broken 
up,  leaving  the  single  oxygen  atoms  ready  to  unite  with  the  atoms 
against  which  they  collide,  and  we  say  the  substance  is  slowly 
oxidized. 

The  electric  spark,  in  passing  through  oxygen,  breaks  up  the 
twins,  leaving  separate  oxygen  atoms ;  but  the  passage  of  the 
spark  is  momentary,  and  the  oxygen  atoms,  in  rushing  together 
again,  in  general,  from  ordinary  twins,  but  some  of  them  strike  in 
such  a  way  as  to  form  triplets ;  that  is,  ozone.     Fig.  7. 

A  comparatively  slight  disturbance  dislodges  one  of  the  oxygen 
atoms,  and  the  group  of  three  becomes  an  ordinary  pair  and  a 
single  oxygen  atom.  The  single  dislodged  atom,  however,  by 
reason  of  its  dense  part  being  exposed,  is  able  to  attract  very 
strongly  any  other  atom  which  may  be  near,  hence  the  powerful 
oxidizing  property  of  ozone. 

An  atom  of  oxygen  may  fasten  to  the  side  of  a  water  molecule 
to  form  a  molecule  of  hydrogen  dioxide.  Fig.  8;  but  this  extra 
atom  is  easily  dislodged,  leaving  a  water  molecule  and  a  single 
oxygen  atom ;  thus,  like  ozone,  forming  a  powerful  oxidizer. 

In  general  any  process  which  leaves  single  oxygen  or  hydrogen 
atoms  leaves  them  in  a  position  to  unite  powerfully  with  others ; 
this  is  the  so-called  nascent  state. 

If  we  attempt  to  make  any  other  compounds  of  hydrogen  and 
oxygen,  they  must  be  made  by  putting  the  centers  of  mass  of  the 
added  atoms  so  far  away  that  the  attraction  is  too  weak  to  form  a 
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Stable  group,  hence  the  reason  why  the  compounds  of  oxygen  and 
hydrogen  are  so  few  in  number. 

We  might  assume  the  possibiHty  of  a  molecule  like  Fig.  7,  that 
is  HO,  but  hydrogen  atoms  usually  occur  in  pairs,  and  conditions 
which  favor  any  combination  would  favor  the  combination  of  both 
atoms  of  the  hydrogen  pair.  Even  if  molecules  like  Fig.  9  were 
formed,  they  would  unite  in  pairs  or  twins  and  form  HoOo,  or 
hydrogen  dioxide. 

It  has  been  found  by  experiment  that  at  temperatures  between 
1146°  and  2741°  only  one-half  the  usual  amount  of  hydrogen  will 
unite  with  oxygen.  This  seems  to  show  that  the  dense  part  of 
the  oxygen  atom  is  not  of  uniform  density,  but  rather  as  shown  in 
Fig.  10.  An  atom  of  hydrogen,  then,  will  be  held  more  strongly  at 
"a"  than  at  "b."  At  temperatures  between  1146°  and  2471°  the 
collisions  are  violent  enough  to  dislodge  the  hydrogen  atom  cling- 
ing at  "b,"  but  not  the  one  at  "a,"  leaving  the  form  of  the  molecule 
as  HO. 

The  nitrogen  spectrum  consists  of  many  fine  lines,  hence  we 
conclude  that  the  atom  contains  many  sub-atoms.     By  the  same 
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course  of  reasoning  already  presented,  we  find  the  center  of  mass  to 
be  on  one  side  of  the  atom  and  that  the  elementary  molecule  is 
a  twin  atom.  The  so-called  inertness  of  nitrogen,  that  is,  the 
difficulty  found  in  getting  free  nitrogen  to  unite  with  other  ele- 
ments, gives  us  reason  to  believe  that  the  attraction  between  the 
atoms  in  the  elementary  molecule  is  stronger  than  in  oxygen.  It 
is  more  difficult  to  separate  the  atoms  of  nitrogen  to  get  them  in  a 
position  to  unite  with  other  atoms.  The  fact  that  a  single  atom 
of  nitrogen  unites  with  three  atoms  of  hydrogen  to  form  ammonia 
suggests  also  this  stronger  attraction,  or  at  least  that  the  dense  por- 
tion of  the  nitrogen  atom  occupies  a  larger  portion  of  the  side  than 
in  the  case  of  oxygen. 

It  will  also  be  noticed  that  it  requires  a  much  lower  tempera- 
ture to  liquefy  NH3  than  HjO.  This  shows  that  the  attraction  be- 
tween molecules  of  H,0  is  stronger  than  between  molecules  of 
NH3,  that  at  a  given  temperature  the  molecular  velocity  of  HoO 
is  less,  or  that  it  depends  upon  both  taken  together. 

A  study  of  the  boiling  points,  freezing  points,  relative  chemical 
attractions  and  atomic  weights,  together  with  the  forms  of  crystal- 
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lization,  hardness,  ductility,  etc.,  will  give  data  from  which  to 
determine,  approximately,  at  least,  the  positions  of  the  centers  of 
mass  of  the  different  molecules  and  atoms. 

In  the  case  of  nitrous  oxide.  Fig.  ii,  we  have  a  group  of  three 
atoms.  When  the  temperature  reaches  a  certain  point  the  group 
is  broken  up,  the  two  nitrogen  atoms  unite  to  form  a  pair,  leaving 
the  oxygen  atom  in  the  single  form  ready  to  unite  with  other  atoms  ; 
that  is,  nitrous  oxide  acts  as  a  powerful  oxidizer  after  the  tem- 
perature has  reached  a  certain  point. 

Fig.  12  shows  a  molecule  of  nitric  oxide.  The  molecule  of 
N2O  is  more  easily  decomposed  than  NO,  because  the  two  atoms 
of  nitrogen  in  N^O  tend  to  form  a  twin  atom  or  elementary  mole- 
cule. This  aid  to  an  outside  force  is  not  present  in  the  molecule  of 
NO.  However,  at  a  very  high  temperature  the  NO  is  decomposed, 
leaving  the  oxygen  free,  and  it  is  then  a  supporter  of  combustion. 

Let  us  now  pass  to  chlorine.  When  a  free  gas,  this  also  exists 
as  twin  atoms,  showing  the  center  of  mass  of  the  atom  to  be 
nearer  one  side. 


It  would  seem  that  the  dense  portion  of  the  atom  is  in  a 
comparatively  small  spot,  since  but  one  atom  of  hydrogen  is  held, 
as  in  hydrochloric  acid.  The  small  attraction  of  the  chlorine  atoms 
for  each  other  is  shown  by  the  comparative  ease  by  which  the 
elementary  molecules  are  broken  up,  leaving  the  chlorine  atoms  in 
a  position  to  be  very  active  in  combining  with  other  atoms. 

Activity  in  combination,  however,  is  not  necessarily  the  same 
as  power  of  combination.  Two  atoms  may  readily  unite,  and  yet 
not  powerfully  unite. 

Since  light  is  produced  by  the  vibration  of  the  sitb-atoms,  con- 
versely, light  will  cause  the  sub-atoms  to  vibrate,  the  atoms  will 
expand,  the  centers  of  mass  of  the  atoms  will  move  farther  apart, 
the  attraction  between  them  will  become  less  and  the  elementary 
molecules  may  be  more  easily  broken  up.  Hence,  light  facilitates 
combination  of  chlorine  with  other  atoms.  In  a  similar  way  light, 
by  expansion  of  the  atoms,  changes  the  equilibrium  and  combina- 
tions in  photographic  processes. 

Of  course  light  would  tend  to  produce  the  same  effect  in  a 
great  many  substances,  but  the  laws  of  sympathetic  action,  together 
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with  otlier  forces,  would,  in  general,  cause  this  effect  to  b(;  un- 
noticeable. 

Bromine,  iodine  and  fluorine  resemble  chlorine,  so  we  need  not 
stop  with  them  here  except,  perhaps,  to  consider  the  remarkable 
fact  that  fluorine  will  not,  as  far  as  known,  combine  with  oxygen. 
If  it  is  impossible  to  form  compounds  of  oxygen  and  fluorine,  it 
may  mean  nothing  more  than  that  the  oxygen  atoms  have  a 
stronger  attraction  for  each  other  than  they  do  for  the  fluorine. 
That  is,  if  such  a  combination  were  concoived,  it  would  be  broken 
up  by  the  oxygen  atoms  uniting  to  form  twins  or  free  oxygen 
molecules. 

Carbon  seems  to  have  four  dense  parts  in  its  atom.  If  we 
imagine  surfaces  "ab"  and  ''cd"  passed  through  the  atom,  we  may 
consider  each  of  the  four  portions  to  have  a  center  of  mass  of  its 
own.  Four  hydrogen  atoms  then  would  naturally  cling,  as  shown 
by  Fig.  13,  representing  CH^. 

Some  other  representative  compounds  are  as  shown  below : 


CHi 


CUo 
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rif/-  n 


It  would  seem  reasonable  to  suppose  that  the  four  dense  por- 
tions of  the  carbon  atom  would  not  be  exactly  the  same  ;  that  is,  their 
attractive  powers  would  be  different.  The  compound  CH,  would 
tend  to  show  that  the  attraction  is  stronger  upon  two  sides,  forming 
the  group  of  Fig.  15.  The  compound  CO  tends  to  show  the  same 
thing.  One  oxygen  atom  taking  the  place  of  the  two  hydrogen 
atoms  of  CHo. 

The  compounds  CH2  and  CO  would  naturally  be  formed  when 
there  was  a  scarcity  of  hydrogen  or  oxygen,  the  stronger  sides 
of  the  carbon  taking  up  all  of  the  atoms  of  hydrogen  or  oxygen. 

Instead  of  forming  twin  atoms,  as  do  oxygen,  hydrogen,  etc., 
free  carbon  tends  to  collect  indefinitely,  since  there  is  a  strong 
attraction  on  four  sides.  It  therefore  tends  to  form  a  solid  which 
requires  an  extreme  high  temperature  to  vaporize.  The  two  forms 
of  crystals  show  two  different  arrangements  of  the  atoms,  the  octa- 
hedral or  diamond,  shown  in  section  by  Fig.  16.  and  the  hexagonal 
or  graphite,  as  shown  in  section  by  Fig.  17.  The  diamond  having 
the  dense  portions  in  closer  proximity  to  each  other  tends  to  give  a 
stronijer  attraction,  hence  the  greater  hardness. 
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Amorphous  carbon  is  quite  possibly  a  mass  of  extremely  small 
crystals  of  graphite. 

The  ability  to  attract  in  four  directions  makes  carbon  a  power- 
ful link  in  bindmg  together  other  atoms.  It  connects  the  atoms 
of  soft  iron  to  make  hard  steel,  while  most  of  the  molecules  in  the 
organic  world  would  fall  to  pieces  were  it  not  for  the  powerful 
cementing  influence  of  the  inclosed  carbon. 

The  spectrum  of  sulphur  leads  to  the  conclusion  that  its  atom 
has  a  great  many  sub-atoms,  and  a  study  of  its  properties  leads 
us  to  believe  that  the  atom  has  two  dense  parts  or  centers  of  attrac- 
tion at  about  90°  from  each  other.  The  sulphur  naturally  existing 
in  clusters  of  six  atoms,  as  would  be  represented  by  Fig.  18,  if  we 
conceive  an  atom  in  the  center  front  and  another  in  the  center  back. 
Collections  of  these  clusters  would  make  octahedra,  the  natural 
form  of  sulphur  crystals.  When  the  sulphur  is  heated  the  clusters 
of  six  move  more  freely  amongst  each  other ;  the  sulphur  melts. 
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At  a  higher  temperature  two  of  the  atoms  of  the  cluster  of  six 
are  dislodged,  leaving  the  cluster  of  four  as  shown  by  Fig.  18. 
The  atoms  disengaged  uniting  to  form  other  clusters  of  four.  The 
cluster  of  four,  however,  still  retains  considerable  attraction  in  two 
directions,  those  from  which  the  two  atoms  were  dislodged,  and  by 
continually  clinging  to  its  neighbors  (though  but  weakly)  is  re- 
tarded in  its  motions;  the  liquid  sulphur  becomes  viscous.  At  a 
higher  temperature,  however,  this  tendency  is  overcome  and  it  be- 
comes liquid  again. 

Suddenly  cooling  the  viscous  sulphur  will  increase  the  side 
attraction,  without  giving  time  to  arrange  in  crystals,  by  brmging 
the  clusters  nearer  together,  hence  the  rubber-like  mass. 

Clusters  of  four  will  evidently  form  different  crystals  than 
clusters  of  six ;  they  form  rhombic  or  monoclinic  crystals,  which, 
however,  gradually  revert  to  the  natural  or  cluster  of  six  form. 
This  change,  as  we  might  expect,  is  facilitated  by  heat  or  vibra- 
tion. 

In  general,  the  crystal  forms  will  aid  us  greatly  in  locating 
the  relative  positions  of  the  dense  portions  of  the  atoms.  The 
cleavage  and  fracture  will  also  be  important  helps. 

If  it  is  tri^e  that  the  atoms  are  made  up  of  sub-atoms,  it  seems 
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(juite  within  the  limits  of  possihiHtv  to  lind  sonic  wav  to  l)rcak  theni 
up  and  make  new  elements  of  the  fragments.  We  may  even  ad- 
vance to  the  point  where  we  can  make  a  given  element  out  of  other 
elements  as  we  now  make  a  given  compound  out  of  other  com- 
pounds. When  this  day  arrives  the  old  dream  of  the  alchemists 
may  find  its  realization  ;  we  may  be  able  to  make  gold. 

It  has  been  found  liiat  the  specirum  of  sulphur,  as  well  as 
many  other  elements,  differs  at  different  temperatures. 

Light  is  caused  by  the  vibrations  of  the  sub-atoms  and  possibly 
some  of  the  smaller  groups  of  sub-atoms.  .As  the  mechanical  col- 
lisions set  the  molecules  of  a  body  vibrating,  so  will  the  collisions 
of  the  molecules  set  the  atoms  vibrating,  and,  in  the  same  way, 
the  collisions  ot  the  atoms  w'ill  set  the  sub-atoms  vibrating  and 
produce  light. 

In  the  same  way  that  the  vibration  of  the  molecules  expands 
a  body,  so  will  the  xibrations  of  the  atoms  expand  the  molecule, 
and  the  vibrations  of  the  sub-atoms  expand  the  atom.  But  this  dis- 
turbance among  the  sub-atoms  very  likely  would  modify  the  group- 
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ing  and  certainly  modify  the  attractive  force  among  the  sub-atoms, 
and  change  the  frequency  of  the  vil)rations,  which  would  mean  a 
change  in  the  spectrum. 

Suppose  "a"  and  "b,"  Fig.  19,  be  two  sub-atoms  of  exactly 
the  same  mass,  but  "a"  is  at  surface  of  atom  and  "b"  in  the  interior, 
"a'  and  "b"  would  have  different  vibration  frequency,  because 
they  are  acted  on  by  different  attraction,  analogous  to  pendulums 
on  and  below  surface  of  the  earth. 

If  the  light  waves  caused  by  the  vibrations  of  the  internal  sub- 
atoms  can  get  out  of  the  atom,  we  would  have  all  wave  lengths 
corresponding  to  these  different  attractions  from  circumference  to 
center;  and,  if  the  sub-atoms  were  numerous,  a  band  spectrum,  even 
though  the  sub-atoms  were  all  of  the  same  size.  With  sub-atoms 
of  different  mass,  the  band  spectrum  would  vary  in  density. 

On  the  other  hand,  if  the  atom  be  opaque,  only  the  surface  sub- 
atoms  can  send  out  light  and  we  have  a  different  wave  length  for 
each  different  kind  of  sub-atom ;  that  is,  we  have  a  line  spectrum. 

Evidently,  an  atom  partially  opaque  would  have  a  combination 
of  line  and  band  spectrum. 
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That  some  lines  are  brighter  than  others  may  be  explained  by 
saving-  there  are  more  sub-atoms  of  that  particular  kind  than  others, 
and  hence  give  more  light ;  or  that  some  sub-atoms  are  near  the 
surface  of  the  atom,  and  hence  give  more  light  than  those  partly 
covered  up. 

Even  the  surface  sub-atoms  of  the  atoms  would  be  affected  by 
the  proximity  of  other  atoms ;  and  a  change  in  the  temperature, 
bringing  about  a  change  in  the  position  of  the  atoms,  would  affect 
the  vibration  number  of  the  sub-atoms,  and  hence  a  change  in  the 
spectrum. 

An  element  in  the  gaseous  form  giving  a  line  spectrum,  because 
the  vibrations  of  the  sub-atoms  are  nearly  unaffected  by  the 
proximity  of  other  atoms,  will  give  a  continuous  spectrum  in  the 
liquid  or  solid  form,  because,  as  we  go  from  the  surface  of  the 
liquid  or  solid  downward,  the  sub-atoms  are  gradually  more  and 
more  affected,  and  have  their  wave  lengths  gradually  changed, 
hence  producing  all  the  wave  lengths  between  certain  limits. 

In  vibrating,  a  body  sets  up  sound  waves  in  the  air,  a  substance 
whose  molecules  are  of  similar  magnitude  to  the  molecules  of  the 
vibrating  body.  Analogously,  the  sub-atoms,  in  vibrating,  set  up 
light  waves  in  the  ether,  a  substance  whose  particles  are  of  the 
same  or  similar  magnitude  as  the  particles  of  the  vibrating  sub- 
atom  ;  that  is,  the  ether  is  a  gas-like  substance  whose  particles  are 
sub-subatoms. 

Furthermore,  analogy  and  a  study  of  phenomena  lead  us  to 
believe  that  there  is  another  gas-like  substance,  occupying  a  posi- 
tion between  the  ordinary  gases  and  the  ether,  a  gas-like  substance 
whose  particles  are  sub-atoms.     We  may  call  this  a  sub-gas. 

In  general,  then,  the  smallest  particles  of  ordinary  gases  are 
composed  of  pairs  or  groups  of  atoms.  The  smallest  particles  of  a 
sub-gas  are  pairs  or  groups  of  sub-atoms,  and  the  smallest  particles 
of  the  ether  are  pairs  or  groups  of  sub-subatoms. 

Furthermore,  since  we  have  a  variety  of  different  gases,  so  we 
may  have  a  variety  of  different  sub-gases,  a  variety  of  different 
ethers,  and  even  a  variety  of  different  sub-ethers,  etc. 

Here  are  substances  fine  and  delicate  enough  for  the  enthusiast 
to  build  up  the  principle  of  life  existing  in  germs,  to  fashion  the 
mtellect,  memory,  yes,  even  to  construct  the  human  soul. 

Bodies  vibrating  in  ordinary  gases  produce  sound  waves,  sub- 
atoms  vibrating  in  the  ether  produce  light  waves.  Analogously 
we  might  expect  that  atoms  or  clusters  of  atoms  vibrating  in  the 
sub-gas  would  produce  a  set  of  waves  which  can  not  be  classed 
among  sound  or  light  waves. 
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When  a  Ijody  is  heated,  its  molecules  are  caused  to  vihrate.  and 
at  the  same  time  it  .e^ives  off  what  is  termed  radiant  heat,  fs  it 
possihle  that  this  radiant  heat  consists  of  waves  in  the  sub-,c^as 
instead  of  (what  is  j^enerally  assumed)  in  the  ether?  We  have 
thus  far  failed  to  recognize  a  single  fact  which  would  show  that 
radiant  heat  could  not  be  a  wave  motion  in  a  sub-gas  as  well  as 
in  the  ether.  It  would  seem  that,  if  the  velocity  of  radiant  heat,  or 
even  perhaps  the  wave  length,  could  be  determined  independently 
of  any  connection  w'ith  light,  this  doubt  could  be  cleared  up.  If 
radiant  heat  were  a  wave  motion  in  a  sub-gas,  its  wave  length 
would  be  much  greater  and  its  velocity  much  less  than  those  of 
light. 

Phenomena  seem  to  show  that  electricity  is  a  motion  in  the 
sub-gas,  while  magnetism  is  a  motion  in  the  ether.  A  discussion 
of  this,  however,  does  not  properly  belong  to  this  paper,  which  dis- 
cusses the  constitution  and  properties  of  matter,  rather  than  the 
motions  of  matter.  The  motions  of  matter  are,  however,  so  in- 
timately connected  with  the  properties  and  constitution,  that  it  is 
impossible  to  separate  them  entirely. 

Mechanical  collisions  form  molecular  vibrations  or  heat ;  molec- 
ular collisions,  or  heat,  produce  vibrations  of  the  sub-atoms,  or 
light.  Mechanical  energy  can  be  changed  to  heat  and  vice  versa. 
Molecular  energy,  heat,  can  be  changed  to  light  and  vice  versa. 

Some  substances  require  less  mechanical  energy  than  others  to 
raise  the  molecular  vibration  sufficiently  to  send  out  radiant  heat. 
Similarly  some  substances  require  less  molecular  energy,  heat,  to 
raise  the  vibration  of  the  sub-atoms  sufificiently  to  send  out  light. 
As  substances  have  different  "specific  heats,"  so  do  they  have  dif- 
ferent "specific  lights."  Phosphorus  is  a  substance  of  low  "spe- 
cific light ;"  a  comparatively  low  temperature  or  slight  collision  of 
the  molecules  causes  the  sub-atoms  to  vibrate  enough  to  send  out 
light. 

When  light  rays  fall  upon  a  substance  the  light  vibrations  set 
the  sub-atoms  vibrating,  especially  if  the  sub-atoms  naturally  send 
out  that  same  kind  of  light.  By  reason  of  inertia,  these  sub-atoms 
continue  to  vibrate  for  a  short  time,  even  after  the  exciting  rays 
are  cut  oft',  and  thus  give  out  or  glow,  as  shown  in  the  phenomena 
of  phosphorescence. 

Calorescence,  the  changing-  of  heat  rays  to  light  rays,  would 
be  a  change  of  energy  form,  analogous  to  change  of  sound  to  heat, 
when  sound  waves  are  absorbed  by  a  body.  The  converse,  the 
change  of  light  to  heat,  would  be  analogous  to  the  change  of  heat 
to  sound,  as  is  illustrated  by  numerous  examples. 
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W  hcther  there  are  any  motions  in  the  sub-ether  which  man  is 
able  to  detect  is  a  question.  Possibly,  however,  if  we  can  accept 
as  a  fact  what  thousands  have  asserted,  and  what  thousands  and 
millions  believe,  that  there  is  a  mysterious  connection  between  mind 
and  mind,  this  connection  may  be  through  the  sub-ether. 

If  the  molecules  of  a  substance  have  the  centers  of  mass  close 
together,  as  in  Fig.  20,  they  attract  each  other  strongly,  the  sub- 
stance is  hard ;  but  if  a  force  sufficiently  strong  acts,  a  small 
actual  motion  in  almost  any  direction  becomes  a  large  relative 
motion,  the  molecules  are  permanently  torn  apart,  there  is 
no  appreciable  "give"  to  the  substance,  we  say  it  is  brittle.  Carbon 
affords  a  good  example  of  this.  If,  on  the  other  hand,  the  center 
of  mass  is  at  or  near  the  geometrical  center,  Fig.  21,  a  much  smaller 
force  will  cause  a  much  larger  actual  motion  without  affecting 
the  relative  distance  so  much  and  without  affecting  the  actual  at- 
traction very  much.  The  body  is  not  ruptured.  The  less  force 
shows  the  body  to  be  soft.  The  molecules  will  roll  around  each 
other,  there  being  about  as  much  attraction  in  one  position  as  in 
another ;  the  substance  is  ductile  or  malleable. 
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One  body  may  be  harder  than  another,  showing  a  greater 
attraction  between  the  molecules,  and  still  be  found  by  experiment 
to  be  less  tenacious  than  a  softer  body  which  has  less  molecular 
attraction. 

This  is  due  simply  to  the  fact  that  the  molecules  of  the  harder 
body  have  but  little  "give"  to  them.  A  stress  in  any  direction 
will  cause  a  great  strain  on  some  molecules  and  none  on  others ; 
these  molecules  pull  apart,  throwing  the  stress  upon  others ;  these 
give  way,  then  others,  and  so  on  until  the  rupture  is  complete.  It 
is  like  breaking  a  great  cable  one  strand  at  a  time.  In  the  softer 
body,  however,  the  molecules  "give,"  so  before  any  rupture  takes 
place  the  whole  cross-section  of  the  body  is  resisting  the  stress.  It 
is  practically  stronger  than  the  first  body,  notwithstanding  that  its 
molecular  attraction  is  less. 

It  would  seem  that  the  rigidity  of  solids  furnishes  almost  posi- 
tive proof  that  their  molecules  are  not  only  actually,  but  relatively 
close  together,  that  at  absolute  zero  the  molecules  and  atoms  are  as 
much  in  contact  as  are  the  stones  in  a  stone  pile.  At  any  other 
temperature  the  relative  distance  apart  is  but  small,  and  can  be  cal- 
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ciliated  from  the  amount  of  expansion  from  iIk:  absolute  zero 
to  the  given  temperature.  For  example,  if  a  solid  increases  its 
length  0.25  per  cent,  when  heated  from  absolute  zero  to  any  given 
temperature,  the  distance  between  the  centers  of  the  molecules  will 
also  increase  0.25  per  cent.  Also  since  the  change  from  a  solid  to 
a  liquid  is  usually  accompanied  by  but  a  slight  change  in  volume, 
the  liquid  molecules  and  atoms  are  also  very  nearly  in  contact. 
Hence  the  relative  densities  of  the  molecules  and  atoms  of  liquids 
and  solids  are  approximately  the  same  as  the  relative  densities 
of  the  liquids  and  solids  themselves. 

We  may  use  this  principle  to  determine  the  approximate  sizes 
of  different  molecules.  For  example,  the  molecular  weight  of  sul- 
phuric acid  is  about  98,  about  5>^  times  that  of  water.  That  is, 
a  molecule  of  sulphuric  acid  has  about  sV^  times  the  mass  of  a 
molecule  of  water.  If  the  molecules  of  sulphuric  acid  were  of  the 
same  size  as  those  of  water,  the  density  would  be  about  5^  ;  but 
being  only  1.8  about,  or  about  1-3  as  much,  it  means  that  a  molecule 
of  sulphuric  acid  has  about  three  times  the  volume  of  a  molecule 
of  water. 


If  a  series  of  pendulums,  as  shown  in  Fig.  22,  were  made  of 
ivory  or  glass  balls,  they  could  be  made  to  vibrate  at  a  certain 
amplitude  amongst  each  other  with  much  less  expenditure  of 
energy  than  if  the  balls  were  made  of  lead ;  the  leaden  balls  would 
absorb  much  more  energy  in  themselves.  Different  substances  are 
made  up  of  different  atoms  and  molecules.  Naturally  some  of  the 
atoms  and  molecules  are  more  elastic  than  others  and  require  less 
•energy  to  raise  their  temperature ;  they  are  said  to  have  a  low  spe- 
cific heat. 

We  find  the  specific  heat  of  hydrogen  to  be  3.409,  and  that  of 
oxygen  0.2175.  Approximately  (i),  Sp.  Ht.  of  O  X  Mol.  Wt.  =: 
Sp.  Ht.  of  H  X  Mol.  Wt. 

One  gram  of  H  requires  about  16  times  as  much  energy  to 
raise  it  one  degree  as  one  gram  of  O.  Therefore  one  volume  of 
H  requires  about  the  same  energy  to  raise  it  one  degree  as  one 
volume  of  O.  This  means  that  it  requires  about  the  same  energy 
to  raise  one  molecule  of  H  one  degree  as  one  molecule  of  O. 

But  equation  ( i ) ,  given  above,  is  only  approximately  correct. 
If  the  specific  heat  of  O  were  0.2129,  instead  of  0.2175,  the  equa- 
tion would  be  exactly  correct ;  that  is,  the  actual  specific  heat  of  O 
[23] 
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is  a  little  greater  than  the  theory  of  equation  ( i )  ;  that  is,  the  mole- 
cule of  O  requires  a  little  more  energy  to  raise  it  one  degree  than  the 
molecule  of  H.  This  extra  energy  required  is  due  to  the  energy 
absorbed  by  the  internal  parts  of  the  O  molecules.  Collisions  of 
the  molecules  set  the  atoms  and  sub-atoms  vibrating,  thus  taking 
up  some  of  the  energy;  but  the  O  molecule,  being  more  complex 
than  the  H  molecule,  absorbs  more  energy. 

Take  a  molecule  of  steam,  instead  of  oxygen,  in  equation  ( i ) . 
If  the  specific  heat  of  steam  were  0.378  instead  of  0.48,  equation 
( I )  would  be  true ;  that  is,  more  heat  energy  is  required  to  raise  one 
molecule  of  steam  one  degree  than  a  molecule  of  hydrogen,  and 
not  only  more,  but  relatively  more  than  to  raise  a  molecule  of 
oxygen  one  degree.  Much  more  energy  is  absorbed  by  the  internal 
parts  of  the  steam  molecule  than  by  the  H  or  O.  It  is  more  com- 
plex. 

Water  has  about  twice  the  specific  heat  of  steam.  The  mole- 
cules are  closer  together,  the  collisions  are  more  frequent,  the 
internal  disturbance  is  greater,  and  hence  the  greater  amount  of 
energy  absorbed  by  the  atoms  and  sub-atoms. 

If  we  use  equation  (i)  to  compare  water  with  common  salt, 
the  calculated  specific  heat  of  the  NaCl  is  0.307,  but  the  real  Sp.  Ht. 
is  0.219,  hence  the  amount  of  energy  to  raise  one  molecule  of  NaCl 
one  degree  is  less  than  that  of  water.  The  NaCl  is  less  complex. 
If  we  compare  water  with  potassium  sulphate,  the  calculated 
specific  heat  of  the  K0SO4  is  0.103,  while  the  real  Sp.  Ht.  is  0.196; 
that  is,  the  molecule  is  so  complex  that  it  requires  more  energy  to 
raise  one  molecule  of  K2SO4  one  degree  than  one  molecule  of  HoO. 
More  energy  is  absorbed  in  the  internal  groups. 

If  we  compare  lead  and  tin,  the  calculated  Sp.  Ht.  is  0.0552, 
the  real  Sp.  Ht.  0.0548;  that  is,  each  molecule  requires  about  the 
same  energy  to  raise  it  one  degree,  about  the  same  amount  of  energy 
is  absorbed  by  the  internal  parts  of  each  molecule.  This  same 
agreement  holds  for  all  the  metals  as  well  as  chlorine,  bromine, 
iodine,  selenium,  tellurium  and  arsenic.  If  we  compare  hydrogen 
and  lead,  using  a  molecule  of  H  and  an  atom  of  Pb  the  calculated 
Sp.  Ht.  of  the  Pb  is  0.0330,  the  real  Sp.  Ht.  is  0.0315,  showing 
that  the  energy  required  to  raise  a  molecule  of  H  and  an  atom  of 
Pb  is  about  the  same. 

We  interpret  this  to  mean,  in  general,  that  all  kinds  of  mole- 
cule require  the  same  energy  to  raise  them  one  degree  (remem- 
bering that  a  molecule  is  sometimes  composed  of  but  one  atom), 
except  for  the  part  of  the  energy  which  is  absorbed  by  the  internal 
groups  of  the  molecule. 
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But  when  molecules  are  raised  one  degree  k  means  that  they 
are  capable  of  imparting  a  certain  additional  energy  to  a  ther- 
mometer; so  when  we  say  that  all  molecules,  except  as  above  men- 
tioned, require  the  same  energy  to  raise  them  one  degree,  we  are 
simply  saying  that  the  same  energy  given  to  all  kinds  of  molecules 
will  enable  them  to  give  the  same  additional  amount  to  a  ther- 
mometer ;  that  is,  in  other  words,  that  the  same  energy  given  to  all 
kinds  of  molecules  will  increase  their  energy  the  same  amount. 
This  is,  of  course,  self-evident,  and  the  whole  investigation  shows 
that  part  of  the  heat  energy  is  absorbed  in  the  internal  groups  of  the 
molecule,  and  that  atomic  heat  is  no  special  property,  but  a  natural 
consequence  following  the  different  molecular  weights. 

There  seems  to  be  little  doubt  that  a  body  is  raised  in  tem- 
perature when  the  kinetic  energy  of  its  molecules  is  increased.  Po- 
tential energy  has  nothing  to  do  with  temperature.  When  water 
is  turned  to  steam  the  molecules  move  farther  apart,  the  potential 
energy  is  increased  at  the  expense  of  the  kinetic  energy,  and  is 
apparently  losing  heat;  this,  together  with  the  energy  taken  up  in 
the  interior  groups  of  the  molecules  themselves,  accounts  for  the 
latent  heat  of  steam. 

In  the  same  way  that  vibratory  motion  can  be  transmitted 
through  a  row  of  elastic  balls  more  easily  than  through  inelastic 
ones ;  so  can  heat  be  conducted  through  a  substance  composed  of 
elastic  molecules  and  atoms  more  easily  than  through  inelastic 
ones.  This  would  tend  to  show  that  bodies  with  low  specific  heat 
would  be  good  conductors;  but  this  conductivity  is  modified  by 
the  attractive  forces  which  may  prevent  the  molecules  from  readily 
moving  to  communicate  the  heat  motion  to  its  neighbors. 

We  know  that  light  passes  through  certain  bodies  which  we 
call  transparent.  Either  the  light  passes  as  ether  waves  between 
the  atoms  like  water  waves  between  rushes  or  else  the  vibrations 
pass  through  the  substance  itself  like  sound  passes  through  a  wall. 
A  thin  layer  of  ordinary  carbon  is  perfectly  opaque,  while  a  thick 
and  much  denser  layer  of  diamond  is  transparent.  Facts  like  this 
seem  to  point  to  the  latter  explanation.  The  transparency  of  a 
body,  then,  will  depend  upon  the  elasticitv,  continuity  and  freedom 
of  motion  of  the  sub-atoms. 

In  the  same  way  that  mechanical  vibration  will  be  absorbed  by 
a  non-continuous  mass,  like  sand,  or  inelastic  matter,  like  lead,  so 
will  light  vibrations  be  absorbed  by  inelastic  and  non-continuous 
sub-atoms. 

The  irregular  expansion  of  water  may  be  explained  as  follows : 

When  heated  from  the  ordinary  temperature,  water  gradually 
expands,  but  the  rate  of  expansion  gradnalh-  increases  as  the  tern- 
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perature  rises.  The  hig^h  specific  heat  of  water  shows  that  the 
molecules  are  inelastic.  A  great  deal  of  energy  is  absorbed  by 
the  molecules  themselves,  but  this  absorption  of  energy  causes 
a  vibration  of  the  parts  within  the  molecule,  and  the  molecule 
itself  expands.  This  gradual  increase  in  the  size  of  the  molecules, 
added  to  the  regular  expansion,  causes  the  increase  in  the  rate  of 
real  expansion.  When  water  cools,  it  contracts  to  4°  C,  then  ex- 
pands slightly,  then  greatly  a.:  it  freezes.  Water  crystallizes  in 
hexagonal  plate-like  forms ;  that  is,  when  the  vibration  of 
the  water  molecules  becomes  slow  enough,  gravitation  draws 
them  together,  forming  hexagonal  clusters  of  six.  Fig.  23.  In  this 
form  the  centers  of  mass  are  as  near  as  possible.  This  forms  the 
elementary  crystal,  and,  by  collections  of  these,  all  he  varied  forms 
shown  by  snowflakes  are  built  up. 


Fig.  23 

A  few  of  these  clusters  begin  to  form  at  4°,  and  this  arrange- 
ment take  up  more  room.  The  water  expands.  When  all  form 
hexagonal  clusters,  the  water  becomes  ice  and  the  expansion  is 
considerable. 

The  six  water  molecules  in  the  cluster  are  held  together  as  in 
a  vise.  The  relative  vibration  is  largely  stopped,  and  this  kinetic 
energy  is  given  to  outside  bodies.  The  cluster  of  six  then  acts  as  a 
molecule.  When  ice  again  melts,  it  naturally  requires  considerable 
energy  to  again  break  up  these  clusters,  hence  the  apparent  disap- 
pearance of  heat.  This  hexagonal  molecule  of  water  plays  an  im- 
portant part  in  the  formation  of  many  crystals,  as  water  of  crystal- 
lization. The  occurrence  of  6H0O,  12H0O  24H0O,  etc.,  suggests 
this.  Other  groups  seem  to  be  formed  by  replacing  one  or  more 
of  the  water  molecules  in  the  hexagonal  molecule  by  another  atom 
or  molecule  ;  for  example,  the  compound,  CI  -f  5H2O. 
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Annual  Address  of  Francis  W.  Blackford,  Retiring  President  Montana 
Society  of  Engineers. 


[Read  before  llic   Sdcicty,  January   12,    1901.*] 

I  HAD  read  with  interest  the  journals  of  most  of  the  expedi- 
tions mentioned  in  this  paper  before  I  had  ever  set  foot  west  of  the 
Mississippi  River  or  thought  of  making  my  home  in  Montana,  but 
later  professional  work  took  me  over  a  large  extent  of  the  coun- 
try traversed  by  them,  and  I  again  read  the  journals  with  increased 
interest,  and  from  my  acquaintance  with  the  country  was  enabled 
to  locate  the  various  routes  of  travel  in  accordance  with  present 
geographical  terms.  Others  might  have  the  same  interest  in  such 
things,  but  not  the  time  or  opportunity  to  gratify  it.  I  therefore 
selected  this  as  my  subject. 

These  explorers  pointed  out  the  way  and  stimulated  immigra- 
tion and  permanent  settlement,  which  made  possible  the  construc- 
tion of  the  Union  and  Northern  Pacific  Railways,  great  under- 
takings and  great  engineering  work  in  any  age.  The  period  of 
exploration  covered  pretty  well  the  first  three-quarters  of  the  cen- 
tury and  I  deem  it  not  improper  to  review  them  now  at  its  close. 

Such  a  review  w'ould  logically  begin  with  the  expedition  of 
Lewis  and  Clarke,  which  started  from  a  point  on  the  Missouri 
River,  near  the  present  site  of  Kansas  City,  in  the  spring  of  1804. 

Lewis  and  Clarke  were  both  captains  in  the  United  States 
Army,  and  the  expedition  was  organized  and  equipped  by  the 
authority  of  the  Government  to  explore  a  part  of  the  then  recent 
Louisiana  purchase.  The  instructions  of  the  commanders  were, 
briefly,  to  follow  the  Missouri  River  to  its  head,  thence  cross  to  the 
head  waters  of  the  Columbia  and  follow  it  to  its  mouth,  and  come 
back  overland  if  practicable.  In  pursuance  of  these  instructions  this 
expedition  traveled  by  a  keel-boat  and  canoes  to  a  point  near  the 
present  site  of  Bismarck  and  went  into  winter  quarters,  where  they 
spent  the  winter  of  1804  and  1805.  As  soon  as  the  river  was  free 
from  ice  in  the  spring  they  resumed  their  journey  and  reached  the 
Great  Falls  of  the  Missouri,  the  first  interruption  to  trafiic,  in  the 
month  of  June,  1805.  After  a  laborious  portage  of  their  goods,  they 
again  embarked  in  canoes  made  above  the  falls  and  continued  up 
the  Missouri  to  the  Three  Forks  thereof,  thence  by  the  Jefferson 
to  the  confluence  of  the  Big  Hole  and  Beaverhead,  thence  by  the 
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lV\'\vorlu"a(l  to  llu'  Morse  I'raii'ic,  tlu'iicc  li\  said  rn-rk  imlil  it  l)o- 
caiiK'  too  shallow  for  tlu'ir  boat.  I  irri-  llu'v  made  a  rarlic  and 
proceeded  bv  pack  train,  roiiii)osc'd  of  imrsi's  puicdiasiMl  from  the 
Indians,  and  under  lIu'  dirietion  ol  Indian  guides,  over  J  lorsc 
i'rairie  and  across  lln'  main  raiii;i'  of  the  Rocky  Mountains  to  a 
liibularv  of  tbe  Salmon,  tlieuci'  down  said  stream  to  a  point  ui'ar 
the  present  site  of  ( iibbonsville,  thence  almost  due  north  across  a 
hii;h  spur  of  the  main  rani;e  to  I'ioss  I  lole,  in  the  Kitter  Root  Valley, 
tlience  down  llie  I'illi'r  l\oot  ValK'v  to  a  point  some  six  miles  south 
of  the  present  site  of  Missoula,  thence  westward  by  what  was 
known  as  the  North  Noz  Terce  Trail,  up  the  Lolo  io  the  summit  of 
llie  r.illei  l\ooi  Mountains,  down  on  to  the  waters  of  the  Clear 
Water,  and  up  a.^ain  to  the  hi_i;her  ground  lyinj;-  between  the  Cdear 
Water  and  C'lark's  b'ork  of  the  ("olumbia,  upon  which  ridj;e  and  its 
spur  till'  liail  la\'  for  many  miles,  Ihially  takini;  them  lo  the  Clear 
Water  \\v:\v  its  coniluence  with  the  Sn.ake,  .il  which  point  they 
made  lH)ats  and  ri'ached  llu-  month  of  the  ('olumbia  in  December 
of   1S05. 

Kelurnini;,  the  expedition  traveled  by  the  same  route  as  far  as 
the  mouth  of  the  Lolo,  near  Missoula,  where  a  separation  took 
place.  Captain  (  l.arke  and  pari  of  the  ])arty  w<."nl  up  ihe  Hitter 
Root  Valley  to  Ross  I  lole,  thence  across  what  is  now  known  as 
Cnbbons  l*ass  to  the  \V\^^  llole  I'asin,  thence  south  to  Morse  Trairie 
and  (he  cache  made  the  \ear  pre\ions.  They  llun  proci'c-dc-d  down 
the  valley  of  the  lieaver  I  lead  and  the  Jefferson  lo  the  Three  b'orks 
of  the  Missouri,  wiiere  the  \y.\vi\  aj^ain  divided,  a  pail  joining'  Cap- 
tain Lewis  with  Ihe  boats  at  llu-  (  irt-al  balls  oi  the  Missouri,  while 
Captain  Clarke  proceeded  up  the  (iailalin  and  its  tributaries,  i)ass- 
iui;'  near  the  present  site  of  L>ozeman  lo  I'.o/eman  Lass  of  the  l>ell 
Mountains,  and  lo  Ihe  N'ellowslone  l\i\H'r  neai'  lo  where  Livingstone 
now  stands.  There  Ihey  made  boals  and  proceetled  dctwn  the  Yel- 
Imvstone  to  its  nunilh.  near  which,  in  August,  iSod,  ilu'\  met  Cap- 
tain Lewis,  who  had  left  llie  nionlh  ol  Lolo  al  the  same  lime  and 
traveleil  as  fiiUows:  l)(wvu  the  L.iller  Loot  lo  the  1  b-ll  (iaie,  up  that 
stream  to  the  mouth  of  the  I'.ij;'  L.lackfooi,  lliencc-  up  ihe  Lii; 
l>lackf(tol  lo  its  head,  crossing  llie  main  lan^e  oi  the  Lockv  Moun- 
tains al  what  is  now  known  as  Li-wis  .ind  t'l.irke  Lass,  thence 
to  the  l^reat  l^dls  oi  the  Missouri,  wlieii'  llie\  embarked  and 
proceeded  tlown  llie  Missouri  lo  llu'  motilh  i.A  the  N  elhwvslone, 
near  which  they  met  ("aplain  ("laikt'. 

In  Ihe  year  i8o()  Lieutenanl  Liki-,  of  llu'  CnikHl  Slates  Army, 
ascended  the  Arkansaw  Kixi'i"  lo  a  point  near  its  stnu'ce  anil  re- 
turned  \  ia  the  South    Llalle,  discoverinji,  upon  his  \\a\\  {\\c  peak 
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\vliicli  now  bears  liis  naiiu'  and  wliirh  li.is  always  been  a  proiiiiiiciit: 
landmark  for  a  larj^c  section  of  ibe  State  of  Colorado.  Tbe  bonor 
of  first  ascending-  tbis  peak,  bovvever.  IjcU^nf^s  to  Dr.  James,  of 
Major  Lonpf's  expedition.  Tbis  expi(Htion  approacbed  tbe  moun- 
tain via  thi-  Soulli  Brancb  of  tbe  JMatte  in  tbe  year  1820.  Tbe 
bigb  peak  lyiuj;  some  sixty  miles  nortbwest  of  Denver  gave  tbis 
expedition  tbe  first  glimpse  of  tbe  Rocky  Mountains,  and  bas  since 
been  known  as  Long's  Peak.  Major  Long  gave  tbe  name  of 
James  Peak  to  tbe  mountain  first  seen  by  Lieutenant  Pike.  Not- 
witbstanding  tbis,  tbe  name  of  Pike  bas  stuck  to  the  peak  first  seen 
and  reported  by  bim,  and  tbe  name  of  James  bas  l)een  given  to  tbe 
peak  lying  immediately  soutb  and  about  ten  miles  distant  from 
Long's  Peak.  I  bave  stood  upon  tbe  summit  of  tbe  last-named 
peak,  u'bicb  is  somewbat  lower  tban  eitber  Pike's  or  Long's  Peak, 
botb  of  wbicb  are  visible  from  its  summit. 

Tbe  view  from  tbis  point  is  very  impressive,  and,  in  addition  to 
its  grandeur,  gives  one  an  excellent  kiiowicd^v  of  the  geography 
of  tbe  surrounding  region. 

Major  Long's  party  did  not  j)enclrate  the  mountains  very  far, 
but  confined  tbeir  explorations  to  tbe  district  lying  east  tbereof, 
Tbe  next  expedition  of  imiiortance  was  tbat  of  Captain  Bonneville. 
Tliis  was  semi-official  in  its  character,  and  more  a  fur-trading  tban 
an  exploring  expedition.  Captain  Bonneville  was  an  officer  in  tbe 
United  States  Army  and  had  served  on  tbe  frontier;  being  desirous 
of  extending  bis  knowledge  of  tbe  country  lying  to  tbe  westward, 
he  obtained  from  tbe  Secretary  of  War  a  leave  of  absence  with  tbe 
understanding  tbat  upon  bis  return  to  tbe  army  be  was  to  report 
the  result  of  bis  travels  and  explorations  to  tbe  War  Depart- 
ment, lie  tliin  associated  himself  with  some  capitalists  who  fur- 
nished the  means  to  out  lit  a  trading  and  traj)ping  expedition. 
Tbe  outfit  consisted  of  about  one  hundred  men  with  wagons  and 
pack  animals.  It  started  fr.  mi  the  frontier  in  the  spring  of  1832 
and  traveled  westerly  to  the  North  Platte,  thence  by  tbe  North 
Platte  fo  the  Sweetwater,  thence  by  tbe  Sweetwater  to  South 
Pass,  thence  to  (ireen  kiver,  where  a  cache  was  made,  which 
remained  tbe  headciuarters  of  tbe  expedition  f(jr  the  next  three 
years.  Captain  P>omieville  was  tbe  first  to  cross  tbe  Rocky  Moun- 
tains with  wagons. 

He  then  went  up  Green  River  and  on  to  the  Snake  l^iver  at 
what  was  then  known  as  Pierre's  Hole,  a  valley  lying  immediately 
west  of  the  Tliree  Tetons,  this  was  a  general  rendezvous  for  the 
trappers  of  tbe  American  and  Rocky  Mountain  Fur  Company. 
Tbe  country,  even  at  tbat  early  period,  was  full  of  trappers,  who 
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went  in  every  direction  from  this  point  in  search  of  fruitful  fields 
for  their  occupation. 

Captain  Bonneville's  expedition  did  not  prove  a  financial  suc- 
cess, but,  during  his  three  years'  sojourn  in  the  mountains,  he 
traveled  extensively  and  increased  the  knowledge  of  the  geography 
of  this  section  of  the  country,  which  was  then  very  meager.  He 
made  two  trips  from  the  Green  River  around  the  eastern  slope  of 
the  Wind  River  Mountain  to  the  Yellowstone;  spent  one  winter 
upon  the  head  waters  of  the  Salmon,  immediately  west  of  Horse 
Prairie ;  traveled  upon  the  Beaver  Head  and  its  tributaries,  and 
spent  a  part  of  one  winter  near  Fort  Hall,  a  trading  post  situated 
-on  the  Snake  River,  near  the  mouth  of  the  Portneuf. 

In  the  year  1834  he  made  two  trips  down  the  valley  of  the 
Snake  River,  up  the  Malheur  via  Grand  Rond  Valley,  across  the 
Blue  Mountains  and  down  the  John  Day  River  to  Walla  Walla, 
-returning  by  practically  the  same  route.  In  traveling  from  Fort 
Hall  to  Green  River  he  sometimes  went  by  the  way  of  Pierre's  and 
Jackson's  Hole,  and  sometimes  by  the  Portneuf  or  Blackfoot  and 
Bear  River  to  Sublett's  Pass  and  Ham's  Fork,  following  very 
.nearly  the  route  afterward  taken  by  the  Oregon  Short  Line  Rail- 
way. 

Finding  a  herd  of  buffalo  imprisoned  by  the  snow  in  the 
valley  of  Bear  River  in  the  winter  of  1834  and  1835,  the  expedition, 
-  or  what  was  then  left  of  it,  camped  with  the  buffalo  until  spring,  it 
is  needless  to  say  to  the  discomfiture  of  the  latter.  They  then  pro- 
ceeded eastward  via  the  South  Pass  and  Platte  River,  reaching  the 
settlements  in  August,  1835. 

In  July,  1833,  a  detachment  from  this  expedition  traveled  down 
Bear  River  to  the  Great  Salt  Lake  and  made  an  exploration  partly 
■  around  its  southern  end.  They  then  struck  across  the  desert  lying 
to  the  westward,  and  after  various  adventures  and  extreme  hard- 
ships crossed  the  Sierra  Nevada  Mountains  to  the  valleys  of  Cali- 
fornia. 

Returning,  they  crossed  the  mountains  further  south,  prob- 
ably by  the  Tehachapi  Pass,  thence  to  the  southern  end  of  Salt 
Lake  and  via  the  Bear  River  to  the  rendezvous  on  Green  River. 

It  was  the  intention  of  Captain  Bonneville  to  have  this  party 
thoroughly  explore  the  Great  Salt  Lake,  of  which  little  was  then 
known.  The  leader  and  his  men  proved  unreliable,  however,  and 
wasted  their  stores  and  means  in  the  trip  to  California,  and  added 
but  little  to  the  knowledge  either  of  the  extent  of  the  lake  or  of  the 
country  thereabout. 

This  lake  was  called  Lake  Bonneville  by  Washington  Irving 
in  his  "Astoria,"  but  it  was  well  known  before  Captain  Bonne- 
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ville  visited  the  country,  having  been  seen  and  reported  by  James 
Bridger,  a  trapper,  in  1825.  It  may  have  been  discovered  by  the 
Spaniards  at  an  earher  period,  but  their  information  concerning 
it  was  very  vague  and  uncertain. 

The  next  exploration,  in  the  order  of  occurrence,  was  that  of 
Lieutenant  John  C.  PYemont,  who  made  three  expeditions  to  and 
beyond  the  Rocky  JMountains,  beginning  in  1842  and  ending  in 
1846. 

Fremont  was  eminently  fitted  for  such  work,  having  had  sev- 
eral years'  practical  experience  as  a  civil  engineer  engaged  in 
railroad  surveying  and  kindred  work,  notably  a  reconnaissance  for 
a  railway  from  Charleston,  S.  C,  to  Cincinnati,  over  a  very  broken 
and  mountainous  country.  He  was  also  an  accomplished  mathema- 
tician, having  been  instructor  in  the  United  States  Navy.  At  the 
time  of  his  appointment  as  chief  of  this  exploring  party,  he  was  an 
assistant  engineer  in  the  engineering  department  of  the  army. 

During  all  of  his  expeditions  he  was  supplied  with  instru- 
ments for  obtaining  temperature,  latitude,  longitude  and  altitude, 
and  such  determinations  were  frequently  made,  except  at  rare  in- 
tervals when  his  instruments  were  broken  or  out  of  repair. 

His  descriptions  of  the  country  traversed  are  so  full  and  plain 
that  his  route  can  be  easily  followed,  by  means  of  these  alone,  by 
any  one  who  is  at  all  familiar  with  the  topography  of  the  country. 
I  have  surveyed  railway  lines  over  more  than  a  thousand  miles 
of  his  trail,  and  have  traveled  by  wagon  and  in  other  ways  over 
other  parts  of  it,  and  can,  therefore,  speak  from  personal  observa- 
tion. 

The  object  of  these  expeditions  w'as  mainly  to  increase  the 
geographical  knowledge  of  the  country  for  the  aid  and  encourage- 
ment of  immigration  to  Oregon  and  the  Northwest. 

The  first  expedition  left  the  Missouri  River,  near  the  mouth 
of  the  Kansas,  in  June,  1842,  traveled  northwesterly,  thence  via 
the  Main  Platte  and  its  South  Fork,  reaching  the  base  of  the 
mountains  just  east  of  Long's  Peak,  near  St.  Vrain's  Fort.  Thence 
the  route  lay  along  the  eastern  base  of  the  mountains  to  the 
North  Platte  River,  thence  via  the  Platte  and  Sweetwater  to 
South  Pass.  The  latter  he  described  as  being  so  extremely  easy  of 
access  that  it  was  only  by  the  most  careful  observation  that  the 
highest  point  could  be  discerned. 

From  South  Pass  the  party  traveled  toward  the  Wind  River 
Mountains,  and,  after  a  number  of  days  of  arduous  labor.  Lieu- 
tenant Fremont  and  several  of  the  party  succeeded,  on  the  25th 
of  August,  in  reaching  the  summit  of  the  highest  peak  of  the  range, 


244  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

and  planted  thereon  the  American  flag.  This  peak  has  since  born 
his  name,  and  it  was  thought  then  to  be  the  highest  peak  in  the 
Rocky  Mountains. 

The  party  then  retraced  their  steps  as  far  as  Fort  Laramie, 
and  from  there  followed  down  the  Platte  to  its  mouth.  Then,  by 
boats  built  for  the  purpose,  they  descended  the  river  to  St.  Louis, 
where  they  arrived  on  the  17th  day  of  October,  1842. 

Fremont's  second  expedition  was  much  more  extensive  than 
the  first,  and  the  results  were  of  greater  geographic  value.  His 
instructions  were  to  connect  his  reconnaissance  of  1842  with  the 
surveys  of  Captain  Wilkes,  of  the  United  States  Navy,  on  the  coast 
of  the  Pacific  Ocean,  near  the  mouth  of  the  Columbia  River. 

This  expedition  left  the  mouth  of  the  Kansas  on  the  last  of 
May,  1843,  traveled  nearly  westward  to  St.  Vrain's  Fort,  at  the 
base  of  the  mountain,  thence  southward  to  Pueblo,  up  the  Arkan- 
saw  about  seventy-five  miles,  across  to  the  South  Platte  in  South 
Park,  thence  to  St.  Vrain's  Fort,  makine  a  reconnaissance  com- 
pletely around  Pike's  Peak,  and  including  much  of  the  head  waters 
of  the  Arkansaw  and  the  South  Platte. 

Leaving  St.  Vrain's  Fort  on  July  26,  they  passed  up  the  Cache 
La  Poudre  to  the  tributaries  of  the  Laramie  River,  thence  along 
the  eastern  slope  of  the  Medicine  Bow  Mountains,  over  the  Laramie 
Plains,  striking  the  Sweetwater  a  short  distance  east  of  South 
Pass,  thence  by  the  Emigrant  Road  to  Green  River,  at  a  point 
about  twenty  miles  north  of  the  present  crossing  of  the  Union 
Pacific  Railway. 

From  here  they  traveled  westward  to  Ham's  Fork,  up  that 
stream  to  the  dividing  ridge  between  the  waters  of  the  Colorado 
and  those  of  the  Great  Basin,  crossing  the  same  very  near,  if  not  at, 
Sublett's  Pass,  now  occupied  by  the  Oregon  Short  Line  Railway, 
thence  down  a  tributary  to  Bear  River,  which  stream  they  fol- 
lowed to  Soda  Springs,  thence  by  the  Portneuf  to  Fort  Hall  in  the 
Snake  River  Valley.  From  near  Green  River  to  Fort  Hall  the 
route  followed  very  closely  that  taken  forty  years  later  by  the  Ore- 
gon Short  Line. 

While  the  main  party  was  journeying  down  the  Portneuf, 
Lieutenant  Fremont  and  a  few  men  traveled  from  Soda  Springs 
down  the  Bear  River  to  the  Great  Salt  Lake,  and  explored  its 
eastern  shores  as  far  as  the  mouth  of  Weber  River.  He  visited 
one  of  the  islands,  from  which  he  obtained  a  good  idea  of  the 
extent  of  the  lake. 

He  then  traveled  northward  to  Fort  Hall,  following  up  the 
Malad  and  down  Bannock  Creek  instead  of  the  route  afterward 
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followed  by  the  Utah  and  Northern  Railway,  which  lies  a  little 
to  the  eastward. 

His  route  then  lay  down  the  valley  of  Snake  River  to  Burnt 
Fork,  thence  up  that  stream  and  on  to  the  Powder  River,  pass- 
ing near  the  site  of  Baker  City,  thence  via  the  Grand  Rond  Valley, 
across  the  Blue  Mountains  to  the  Columbia  River,  near  Fort 
Walla  Walla. 

There  were  a  few  white  inhabitants  engaged  in  the  fur  trade 
along  the  route  of  travel  from  Fort  Hall  to  this  point,  notably  at 
the  mouth  of  the  Boise  and  in  the  Grand  Rond  Valley.  There 
were  also  emigrants  along  the  way  bound  for  the  valley  of  the 
Willamette. 

Leaving  the  main  party  at  the  Dalles  of  the  Columbia,  Lieu- 
tenant Fremont  proceeded  to  Fort  Van  Couver,  near  the  mouth  of 
the  Willamette,  where  he  laid  in  a  supply  of  provisions  for  his  con- 
templated explorations  southward  from  the  Dalles.  He  had  thus 
fulfilled  his  mission  and  connected  his  survey  with  that  of  Captain 
Wilkes. 

Lieutenant  Fremont  reports  that  Mount  Rainier  and  Mount 
St.  Helen  were  then  in  action,  the  latter  having  scattered  ashes 
over  a  large  extent  of  country  the  year  previous. 

The  extent  of  the  Great  Basin  lying  between  the  Wasatch  and 
Sierra  Nevada  Mountains  was  not  then  known.  It  was  thought 
that  a  part  of  that  section  drained  into  the  Gulf  of  California 
and  a  part  into  the  Bay  of  San  Francisco  by  the  Rio  Buenaventura, 
which  had  a  conspicuous  place  upon  the  maps  of  the  period.  It 
was  supposed  to  have  its  source  in  the  Rocky  Mountains  and  to 
break  through  the  Sierra  Nevadas.  To  extend  the  geographical 
knowledge  of  this  territory  was,  therefore,  the  object  of  this  part 
of  the  expedition. 

The  country  previously  traveled  was  w^ell  known  to  trappers 
and  traders,  and  no  difficulty  was  experienced  in  procuring  guides 
to  conduct  the  party  over  well-known  and,  in  most  instances,  well- 
worn  trails  or  roads  The  party,  which  consisted  of  twenty-five 
men,  was  now  confronted  with  a  very  diiiferent  undertaking, — viz, 
the  entrance  into  an  unknown  country  at  the  beginning  of  winter, 
with  its  attendant  hardships  and  perils.  Notwithstanding  these 
conditions,  the  party  left  the  Dalles  in  good  spirits  on  the  25th  of 
November,  and  traveled  southw-ard  along  the  east  base  of  the  Sierra 
Nevadas,  over  a  country  more  or  less  broken  by  spurs  from  the 
mountains  and  interspersed  with  lakes  and  plains.  They  sufifered 
considerable  hardships  from  hunger  and  fatigue  occasioned  by  the 
scarcity  of  game  and  the  inclement  w^eather. 
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They  finally  reached  a  point  near  Lake  Tahoe,  which  they 
knew  from  the  latitude  was  nearly  as  far  south  as  San  Francisco 
Bay.  Not  havin.q-  found  a  river  draining  westward  the  chief  sur- 
mised that  the  country  did  not  drain  into  the  Pacific  Ocean.  He 
then  decided  to  make  an  effort  to  cross  the  Sierra  Nevada  Moun- 
tains to  the  valleys  of  California,  which  his  principal  guide,  Kit 
Carson,  had  visited  some  fifteen  years  before.  This  was  a  haz- 
ardous undertaking  in  the  month  of  February,  but  the  supplies  were 
almost  exhausted,  and  but  little  hope  was  entertained  of  being  able 
to  live  on  the  country  where  they  were  until  spring.  The  passage 
of  the  mountains  was  therefore  undertaken,  and  made  between  the 
3d  and  20th  of  February,  at.  a  point  about  forty  miles  south  of  the 
pass  subsequently  used  by  the  Central  Pacific  Railway.  The  snow 
in  the  mountains  was  very  deep,  and  it  was  necessary  to  beat  down 
a  trail  with  malls  to  enable  the  animals  to  cross  at  all.  After 
passing  the  summit  they  traveled  down  the  middle  fork  of  the 
American  River,  and  reached  Sutter  Fort  and  settlement  on  the 
6th  of  March,  1844  This  fort  was  about  eight  miles  from  the  site 
of  the  city  of  Sacramento. 

The  expedition  then  proceeded  southward  through  the  valley 
of  the  San  Joaquin,  and  crossed  the  mountain  at  the  Tehachapi 
Pass,  thence  by  the  Spanish  trail  easterly  and  northeasterly  across 
a  barren  country  to  Utah  Lake,  thence  around  the  southern  end 
of  the  Uinta  Mountains,  crossing  the  Green  River  and  reaching  the 
Platte  not  far  south  of  the  point  afterward  crossed  by  the  Union 
Pacific  Railway.  Thence  they  traveled  up  the  Platte  and  through 
North  Park,  crossing  back  to  the  Pacific  slope  by  what  is  now 
known  as  Arrapahoe  Pass,  thence  through  Middle  Park  and  up 
the  Blue  River  to  its  source  at  the  Middle  Fork,  over  into  South 
Park,  thence  to  the  Arkansaw  near  Pueblo,  where  they  arrived  on 
the  29th  of  June.  Traveling  eastward,  they  reached  their  starting 
point,  the  mouth  of  the  Kansas,  July  31,  1844,  having  made  the 
entire  circuit  in  almost  exactly  fourteen  months.  The  party  took 
with  them  carts  as  far  as  the  Dalles  of  the  Columbia  and  a  twelve- 
pound  mountain  howitzer  to  a  point  some  distance  north  of  where 
they  crossed  the  Sierra  Nevada,  where  the  howitzer  was  abandoned 
because  of  the  difficulty  of  hauling  it  over  a  rugged  country  devoid 
of  trail  and  covered  with  snow. 

Considering  the  character  of  the  country  traversed,  some  of 
which  was  entirely  unknown,  and  the  difficulties  which  beset  the 
traveler  in  a  land  far  from  supplies  and  full  of  Indians  more  or 
less  unfriendly,  if  not  actually  hostile,  this  is  thought  a  very  re- 
markable journey,  requiring  great  energy,  perseverance  and  execu- 
tive ability. 
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Lieutenant  Fremont's  expedition  of  1845  '^"<-l  ^§46  took  him  to 
the  head  of  the  Arkansaw  at  the  pass  which  has  since  borne  his 
name,  .and  which  is  situated  about  ten  miles  from  the  city  of  Lead- 
villc,  thence  down  the  Bkie  River  to  Middle  Park,  westward  via  the 
White  River  to  the  Green  and  to  Utah  Lake,  thence  to  Salt  Lake 
and  westward  to  Humboldt  River,  makinq-  a  more  extensive  survey 
of  the  Great  Basin  as  far  north  as  the  head  water  of  the  Klamath, 
also  in  the  valleys  of  California. 

On  Alarch  3,  1853,  Congress  passed  a  resolution  authorizing 
and  directing-  the  Secretary  of  War  to  make  reconnaissances  to  as- 
certain the  most  practicable  and  economical  route  for  a  railway 
from  the  Mississippi  River  to  the  Pacific  Ocean.  This  work  was 
very  thoroughly  done  by  the  engineer  officers  of  the  army,  assisted 
by  civilian  engineers,  who  had  had  experience  in  building  railways 
in  the  Eastern  States.  They  went  so  far  as  to  make  preliminarv 
estimates  of  the  cost  of  construction  based  upon  these  reconnais- 
sances. 

The  routes  examined  were  those  of  the  47th  to  49th  parallel, 
called  the  Northern  Pacific  route,  the  41st  to  42d  parallel,  the  38th 
to  39th  parallel,  the  35th  parallel  and  the  32d  parallel. 

The  route  by  the  38th-39th  parallel  was  thought  impracticable 
because  of  the  great  elevation  of  the  passes  of  the  Rocky  Moun- 
tains, and  the  rough  and  broken  country  beyond.  Upon  all  other 
routes,  estimates  were  made  and  their  advantages  and  disadvan- 
tages set  forth  in  voluminous  reports  to  the  War  Department.  The 
examination  of  the  route  of  the  47th-49th  parallel  was  intrusted  to 
Isaac  L  Stevens,  Governor  of  Washington  Territory,  and  Lieu- 
tenant George  B.  McClellan,  afterward  General  McClellan,  who 
figured  so  prominently  in  the  military  operations  of  the  first  two 
years  of  the  Civil  War. 

Governor  Stevens's  examinations  covered  all  of  the  territory, 
excepting  that  part  between  Puget  Sound  and  the  Columbia  River 
via  the  passes  of  the  Cascade  Range,  and,  as  most  of  his  time  and 
that  of  his  assistants  was  spent  within  what  are  now  the  boundaries 
of  the  State  of  Montana,  the  geography  of  which  should  be  familiar 
to  us  all,  I  shall  treat  principally  of  his  movements  and  their  .results. 
-  No  organized  exploring  party  had  been  through  this  section  of 
the  country  since  that  of  Lewis  and  Clarke,  and  exact  knowledge 
of  its  physical  characteristics  was  very  meager  in  the  year  1853. 

Governor  Stevens's  principal  assistants  were  Lieutenant  John 
Mullan,  Lieutenant  A.  J.  Donaldson,  officers  of  the  armv,  and  A.  W. 
Tinkham,  F.  W.  Landor  and  James  Doty,  civilian  engineers. 

The  parties  were  supplied  with  compasses,  odometers  and 
barometers,  also  astronomical  instruments  for  determining  latitude 
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and  longitude.  From  determinations  made  with  these  instruments, 
maps  and  profiles  were  made  of  the  various  routes  examined,  and 
from  these  profiles  and  notes  estimates  of  the  cost  of  wagon  roads 
and  of  a  railroad  from  St.  Paul  to  Puget  Sound  were  prepared. 

Governor  Stevens  began  operations  at  St.  Paul  in  May,  1853, 
and  by  the  first  of  September  had  reached  Fort  Benton,  the  civil 
engineers  having  made  a  recomiaissance  thus  far,  also  a  superficial 
survey  of  the  Missouri  River.  By  the  30th  of  September  Gov- 
ernor Stevens  and  others  of  his  party  had  reached  St.  Mary's  vil- 
lage in  the  Bitter  Root  Valley. 

This  was  made  headquarters  for  the  expedition  during  its  stay 
in  this  section,  which  included  the  remainder  of  the  year  1853  and  a 
part  of  the  year  of  1854. 

The  several  parties  passed  a  number  of  times  from  Fort  Ben- 
ton to  St.  Mary's,  now  known  as  Stevensville,  going  via  Cadotts  and 
Lewis  and  Clarke's  Pass  at  the  head  of  the  Big  Blackfoot,  thence 
down  the  Big  Blackfoot  to  Hell  Gate,  near  the  present  site  of  Mis- 
soula, also  via  two  passes  at  the  head  of  the  Little  Blackfoot,  thence 
via  the  Little  Blackfoot  and  Hell  Gate  Rivers  to  Hell  Gate  and 
Stevensville. 

Lieutenant  Mullan  took  a  wagon  from  Fort  Benton  to  Stev- 
ensville between  the  17th  and  30th  of  March,  1854,  traveling  via 
the  north  bank  of  the  Missouri,  the  Sun  River  and  the  Little  Prickly 
Pear,  to  the  pass  at  the  head  of  the  Little  Blackfoot,  which  was 
afterward  used  by  the  Northern  Pacific  Railway  and  which  has  for 
many  years  been  known  as  Mullan's  Pass.  From  this  pass  he 
went  down  the  Little  Blackfoot  by  the  same  route  as  that  taken 
by  the  Northern  Pacific  in  1882. 

Lieutenant  Mullan's  first  expedition,  that  of  September,  1853, 
went  south  from  Fort  Benton  to  a  point  south  of  the  Musselshell 
River,  thence  back  to  the  Musselshell  and  nearly  directly  west, 
crossing  the  mountains  at  the  same  pass. 

Mr.  A.  W.  Tinkham  made  a  reconnaissance  from  Stevensville 
across  to  the  Flathead,  thence  by  the  east  shore  of  Flathead  Lake 
and  the  Flathead  River  to  Marias  Pass  and  Fort  Benton,  between 
the  7tli  of  October  and  the  ist  of  November,  1853.  His  route, 
from  the  head  of  Flathead  Lake  to  the  eastern  base  of  the  moun- 
tains, was  practically  the  same  as  that  taken  by  the  Pacific  Exten- 
sion of  tlie  Great  Northern  Railway  in  1892- 1893. 

The  most  extensive  single  expedition  from  Stevensville  as  a 
base  was  that  of  Lieutenant  Mullan  between  November  28,  1853, 
and  January  11,  1854.  From  Stevensville  he  traveled  up  the  Bitter 
Root  to  what  is  now  known  as  Gibbon's  Pass,  thence  to  the  Big 
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Hole  P.asiii  and  southward  to  Horse  Prairie,  which  he  followed 
nearly  to  the  1  leaver  Head,  thence  by  one  of  its  trijjutaries  south- 
ward, crossing-  the  main  ran<;e  by  the  same  trail*  used  by  Captain 
llonneville  in  1833,  thence  to  Fort  Hall  on  the  Snake  River. 

Reluming,  he  came  via  Market  Lake  and  I'eaver  Canyon, 
crossing'  tlir  main  range  at  the  head  of  Beaver  Canyon  by  the  pass 
now  usetl  I)y  the  Utah  and  Northern  Railway,  thence  northward, 
following"  almost  exactly  the  route  afterward  taken  by  the  Utah 
and  Northern  Railway  to  the  mouth  of  the  Deer  Lodge  River. 
After  crossing  the  pass  at  the  head  of  Beaver  Canyon,  he  crossed 
over  Red  Rock  Creek,  and,  by  a  low  divide,  to  the  waters  of  what 
is  now  called  Black  Tail  Deer  Creek,  thence  to  its  mouth  near  the 
present  site  of  Dillon.  With  this  exception  I  doubt  whether  his 
trail  from  Market  Lake  to  Garrison  was  anywhere  more  than  two 
miles  distant  from  the  present  line  of  the  Utah  and  Northern  Rail- 
way as  built  in  1 881 -1882. 

A  number  of  routes  were  examined  westward  from  Stevens- 
ville  by  (iovernor  Stevens  himself  and  several  of  his  assistants. 
That  by  way  of  the  Jocho,  the  Flathead  and  Clarke's  Fork,  of 
Columbia,  very  nearly  followed  later  by  the  Northern  Pacific, 
was  thought  the  most  feasible  and  was  looked  upon  with  the  most 
favor. 

Between  November  20  and  December  30,  1853,  Mr.  Tinkham 
made  an  examination  of  the  route  by  the  South  Nez  Perces  Trail, 
afterward  known  as  the  Elk  City  Trail.  It  goes  up  the  West  Fork 
of  the  Bitter  Root,  thence  westward  across  the  Bitter  Root  Range, 
a  very  high  and  broken  country,  to  the  mouth  of  the  Clear  W'ater 
and  to  Walla  Walla. 

Lieutenant  Mullan  passed  over  what  was  known  as  the  North 
Nez  Perces  Trail,  now  commonly  known  as  the  Lolo  Trail,  be- 
tween September  19  and  October  2,  1853.  He  also  made  an  ex- 
amination up  the  Flathead  Valley  via  the  west  side  of  the  lake,  up 
Maple  Creek  and  over  on  to  the  Kootenay  River  in  April  and  May, 
1854,  returning"  to  Stevensville  by  a  trail  lying  some  fifty  miles  to 
the  westw^ard.  He  also  crossed  over  the  Bitter  Root  Mountains  via 
the  St.  Regis  Borgia  to  Lake  Cceur  D'Alene,  and  pronounced  it  a 
very  excellent  route  for  a  wagon  road. 

The  North  Nez  Perces  Trail  was  traveled  by  Dr.  Evans, 
United  States  Geologist  for  Oregon,  in  1850,  also  by  Lewis  and 
Clarke  in  1805- 1806.  Evans  and  Mullan  say  it  traverses  a  very 
rough  and  rocky  country,  much  broken  by  spurs  and  very  uneven, 
the  trail  lying  on  the  mountain  sides  much  of  the  way.  It  is  the 
same  as  that  followed  by  Chief  Joseph  with  his  entire  people  and  all 
their  effects,  in  their  masterly  retreat  from  the  United  States 
soldiers  in  1877. 

*This  trail,  I  judge  from  the  description,  lies  some  thirty  miles  west  of 
Beaver  Canyon. 
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Lieutenant  McCIellan's  examinations  were  confined  to  the  ter- 
ritory between  the  Cohnnbia  River  near  Walla  Walla  and  Puget 
Sound. 

With  the  exception  of  a  few  missionaries  in  the  Flathead  and 
Bitter  Root  Valleys,  there  were  then  no  white  inhabitants  in  any 
part  of  the  territory  under  examination,  which  lay  east  of  the  west 
boundary  of  Montana.  The  different  parties,  however,  were  al- 
ways supplied  with  Indian  guides  who  were  well  acquainted  with 
the  country  and  who  seemed  to  be  perfectly  willing  to  impart  their 
information  to  the  whites.  In  fact,  I  have  seen  no  mention  of  the 
examination  of  any  route  where  there  was  not  already  an  Indian 
trail  then  in  use. 

Large  numbers  of  Indians  living  west  of  the  mountains  went 
to  the  plains  east  thereof  each  year  to  hunt  the  buffalo,  and  occa- 
sionally the  warlike  Crows  and  Blackfeet  crossed  to  the  west  side 
to  steal  the  horses  of  their  more  peaceful  neighbors.  There  were,, 
therefore,  a  great  number  of  excellent  trails  crossing  the  mountains, 
usually  by  the  best  passes ;  in  fact,  all  the  principal  passes  now  in 
use  were  used  then. 

The  Indians  were  in  all  cases  peacefully  inclined.  In  all  the 
journals  heretofore  referred  to  I  saw  no  mention  of  actual  hos- 
tilities worse  than  the  stealing  of  horses,  except  in  the  journals  of 
Bonneville  and  of  Lewis  and  Clarke.  In  the  latter  instance  the 
trouble  was  occasioned  by  the  killing  of  a  Blackfeet  Indian  by  Cap- 
tain Lewis  near  the  Falls  of  Missouri. 

During  the  years  1859- 1860  Captain  Mullan  constructed  a 
wagon  road,  for  military  purposes,  from  Fort  Walla  Walla  to  Fort 
Benton  via  the  St.  Regis  Borgia,  the  Bitter  Root  and  Little  Black- 
foot,  crossing  the  main  range  at  the  Mullan  Pass,  thence  via  the 
Little  Prickly  Pear  and  Dearborn  Rivers  to  the  valley  of  the  Mis- 
souri, 

The  late  Colonel  Walter  W.  De  Lacv,  one  of  the  charter  mem- 
bers of  this  Society,  was  an  assistant  to  Captain  Mullan  during  the 
construction  of  this  road.  Captain  Mullan  says,  in  his  report, 
that  the  services  of  Captain  De  Lacy  were  especially  valuable  to 
him  because  of  the  experience  which  he  had  obtained  in  railway 
construction  in  the  Eastern  States. 

This  military  road  was  624  miles  long,  and  cost  $220,000.  Im- 
mediately upon  its  completion  the  settlement  of  the  State  began. 

Captain  Mullan  was  the  most  active  of  all  Governor  Stevens's 
assistants  during  the  period  of  exploration  under  his  charge,  and  I 
cannot  close  this  paper  without  expressing  my  admiration  for  the 
clear,  forcible  and  elegant  style  of  narrative  employed  in  his  reports, 
and  the  energy,  perseverance  and  skill  displayed  by  him  during  his 
seven  years'  operations  within  what  are  now  the  boundaries  of  the 
State  of  Montana. 
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James  S.  li.  Ilollinslicad. 


ITolHiishead,  and 

and  the  last  sur- 
the   exception   of 


Jamks  S.  B.  HoLLiNSiiEAD  was  l)()rn  in 
Lexing-ton,  Kentucky,  in  1869-  ^'^d  died  sud- 
denly of  heart  failure  in  Butte,  Montana,  July 
19,  I goo. 

His  father  was  Peter  C 

his  nuither  Eli7.a]:)eth  Mills. 

He  was  their  only  son 

viving:  male  member,  with 

an    ag"ed    uncle,    of    the    Hollinshead    family. 

He   received    his  early    education    in    private 

schools  in  Kentucky,  but  when  a  youth   the 

family  moved  to  Dayton,  Ohio,  where  he  attended  the  Dayton 

Hig-h  School. 

In  1886,  when  seventeen  years  of  age,  he  entered  Lehigh 
I'niversity,  Bethlehem,  Pennsylvania. 

At  the  completion  of  his  junior  year,  in  1889,  he  came  to 
Montana  and  entered  the  service  of  the  Montana  Central  Railway, 
and  was  sent  to  work  on  the  location  of  the  Neihart  branch,  in 
the  fall  of  1890  he  returned  to  Lehigh  and  completed  his  course, 
graduating  the  following  year,  taking  the  degrees  of  Bachelor  of 
Science  and  Mining  Engineer.  He  was  fourth  in  his  class,  and 
that  entitled  him  to  membership  in  the  honorary  society  of  San 
Beta  Delta  of  that  university.  While  in  college  he  worked  during 
the  vacations  and  improved  every  opportunity  to  obtain  remunera- 
tive employment,  and  with  the  money  thus  earned  paid  his  way 
through  college.  He  returned  to  Helena,  Montana,  in  the  summer 
of  1 89 1,  and  again  entered  the  employ  of  the  Montana  Central 
Railway.  He  was  with  them  but  a  short  time  when  he  entered  the 
service  of  the  Drum  Lummond  Company,  at  Marysville,  under  Mr. 
John  Herron,  who  is  well  known  to  the  Montana  Society  of 
Engineers, 

In  the  fall  of  1892  or  spring  of  1893  he  entered  the  employ  of 
the  Boston  and  Montana  C.  C.  and  S.  Mfg.  Co.,  at  Great  Falls. 

He  occupied  various  positions  while  in  their  employ, — as  fore- 
man on  the  gas  producing  during  the  trying  days  of  developing  the 
production  of  gas  from  Sand  Coulee  coals ;  foreman  on  the  blast 
furnaces  and  reverberatories,  and  general  night  foreman  over  the 
whole  smelter. 

This  position  was  rather  severe  on  his  health,  and  after  several 
periods  of  sickness  he  removed  to  Butte  in  February,  1897,  and  was 
24 
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mining  engineer  for  the  Butte  and  Boston  Con.  Mfg.  Co.  until 
January,  1900,  when  he  resigned  to  open  up  a  private  office.  After 
a  few  months'  work  he  again  entered  the  employ  of  the  Boston  and 
Montana  C.  C.  and  S.  Mfg.  Co.  as  engineer  in  charge  of  their 
interests  in  the  disputed  territory  that  was  in  litigation  between 
them  and  the  Montana  Ore  Purchasing  Company,  and  was  engaged 
in  this  work  until  the  time  of  his  sudden  death. 

He  was  of  a  very  enthusiastic  temperament,  and  whatever  he 
undertook  to  do  was  vigorously  pushed  to  a  successful  termination. 
He  was  a  devoted  member  of  the  Protestant  Episcopal  Church, 
having  been  vestryman  in  the  various  churches  in  the  cities  where 
he  resided.  He  was  always  interested  in  the  moral  and  religious 
welfare  of  the  community  in  which  he  lived,  and  many  are  the 
men  that  have  been  assisted  in  their  hour  of  need  by  his  timely 
generosity. 

He  was  a  devoted  son  and  the  trusted  support  and  counsel 
of  his  family  during  the  lingering  illness  of  his  father  in  the  later 
years  of  his  life. 

In  July,  1898,  he  was  married  to  Daisy  Evans,  the  daughter  of 
Mr.  and  Mrs.  W.  J.  Evans,  of  Great  Falls. 

His  domestic  life  was  happy,  hospitable  and  congenial,  and  his 
whole  ambition  was  to  provide  comfort  and  happiness  for  those 
who  were  dependent  upon  him.  His  mother  and  sister  were  living 
with  him  at  the  time  of  his  death.  By  his  manly  character  and 
genial  disposition  he  made  many  friends  wherever  he  resided,  and 
his  untimely  death  was  deplored  by  all  who  had  ever  known  him. 

He  was  always  interested  in  the  welfare  of  the  Montana 
Society  of  Engineers,  having  been  a  member  of  the  Society  for 
several  years,  and  was  one  of  our  most  respected  and  promising 
members.  He  had  made  application  to  become  a  member  of  the 
American  Society  of  Civil  Engineers,  but  died  before  the  final 
papers  were  made  out. 

The  following  resolutions  were  adopted : 

Whereas,  The  Creator  and  Ruler  of  the  Universe,  in  His  infinite  wis- 
dom, has  taken  away  from  the  Montana  Society  of  Engineers  one  of  its  most 
devoted  members,  James  S.  B.  HoHinshead;  and 

Whereas,  The  high  esteem  with  which  he  was  regarded  by  his  associates 
in  the  Society,  impels  us  to  express  in  our  records  the  deep  regret  we  feel 
over  his  decease;  therefore, 

Resolved,  That  we  extend  to  the  wife,  the  mother  and  the  sister  our 
heartfelt  sympathy,  and  assure  them  tliat  of  him  there  shall  always  remain  a 
cherished  memory  by  this  Society.  In  his  honesty  and  zeal  he  was  reaping 
an  ideal  return  for  faithful  endeavor  when  his  promising  career  was  ended. 
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Resolved,  That  the  minutes  of  the  Montana  Society  of  Engineers  shall 
contain  the  words  above  written,  and  that  a  copy  be  sent  to  the  relatives  of 
the  deceased. 

C.  H.  Repath,      j 

C.  W.  GooDALE,   I  Committee. 

C.  II.   MOOKK, 


Henry  M.  Clafleu. 


The  Civil  Engineers'  Club  of  Cleveland,  at  the  very  opening 
of  the  new  centtiry,  is  bereft  of  one  of  its  oldest  and  most  respected 
members.  Mr.  Henry  M.  Claflcn  passed  away  after  a  lingering  ill- 
ness at  an  early  hour  New  Year's  morning,  January  i,  1901,  in  his 
sixty-sixth  year.  lie  was  born  in  1835  at  Attleboro,  Mass.,  was 
of  Scotch  and  Puritan  descent,  and  in  1852  came  to  Cleveland  with 
his  uncle,  Peter  Thacher,  of  the  firm  of  Thacher,  Bent  &  Co.,  to 
engage  in  bridge  building,  an  industry  with  which  his  name  has 
remained  inseparably  connected.  Wooden  bridges  were  then  in 
vogue,  and  the  firm  acquired  a  wide  reputation  in  their  construc- 
tion. 

During  a  part  of  the  Civil  War  Mr.  Claflen  was  employed  by 
the  Government  as  an  expert,  to  superintend  the  rebuilding  of  rail- 
way bridges  destroyed  by  Confederates  in  Tennessee  and  Ken- 
tucky ;  a  commission  attended  with  many  difficulties  and  dangers, 
which,  however,  he  accomplished  with  success,  greatly  facilitating 
the  movements  of  the  Union  Army. 

At  the  close  of  the  war  Mr.  Claflen  returned  to  Cleveland,  and, 
organizing  the  bridge-building  firm  of  McNairy,  Claflen  &  Co., 
became  its  president,  and  conducted  for  years  a  large  and  success- 
ful business.  The  firm  built  a  large  number  of  bridges,  of  which 
the  iron  portion  of  the  Superior  Street  Viaduct  in  this  city  is  a 
monumental  example.  The  concern  was  also  engaged  in  car  build- 
ing on  an  extensive  scale. 

Mr.  Claflen  afterward  organized  the  Claflen  Paving  and  Con- 
struction Co.,  of  which  he  was  president,  taking  large  contracts 
for  the  paving  of  the  principal  thoroughfares  of  Cleveland  as  well 
as  in  other  cities.  These  pavements  were  usually  of  Avood  in  the 
first  instance,  but  as  the  material  w^ore  out  stone  was  substituted. 
Both  these  companies  accumulated  large  sums  of  money,  though 
later,  through  unfortunate  contracts,  large  amounts  were  lost. 
Mr.  Claflen  at  one  time  was  reputed  to  be  quite  wealthy,  yet  owing 
to  a  series  of  misfortunes,  Avithout  fault  on  his  part,  he  ended  his 
life  a  poor  man.  For  the  last  few  weeks  he  was  cared  for  at  St. 
Vincent's  Hospital. 
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It  is  doubly  lamentable  that  a  man  of  such  ability  and  in- 
tegrity, and  unwearied  devotion  to  business,  having  reached  an  age 
when  he  might  justly  expect  to  settle  down  in  the  comfortable  en- 
joyment of  his  property,  should  find  both  property  and  life  for- 
saking him. 

Mr.  Claflen  was  married  in  1863  to  Miss  Alice  B.  Hall, 
daughter  of  John  Hall,  of  Toronto,  Canada,  who  survives  him. 
They  had  one  son,  who  died  young.  His  brother,  Mr.  Harvey  T. 
Claflen,  constructing  engineer  at  the  Variety  Iron  Works,  and  his 
family  are  the  only  remaining  relatives  in  Cleveland. 

Henry  M.  Claflen  was  a  charter  member  of  this  Club,  and 
always  took  a  deep  interest  in  its  welfare,  subscribing  liberally  to 
its  funds  and  assisting  on  social  occasions.  His  genial  and  happy 
disposition  made  him  a  welcome  companion,  while  his  upright 
character  and  refinement  of  manner  won  him  the  admiration  of  all. 

In  closing  this  sketch  your  committee  would  offer  the  follow- 
ing: 

Resolved,  That  in  the  death  of  Henry  M.  Claflen  the  Civil  Engineers' 
Club  of  Cleveland  has  lost  a  member  who,  since  its  organization,  has  hon- 
ored it  vi^ith  his  naTie,  his  influence  and  his  character. 

Resolved,  That  this  memoir  be  spread  upon  the  minutes  of  the  Club, 
and  published  in  th-.;  Journal. 

Resolved,  That  a  copy  of  the  same,  with  the  condolence  of  the  Club,  be 
transmitted  to  the  widow  of  the  deceased. 

Frank  C.  Osborn, 
Wm.  H.  Searles, 

Coimnitfee. 


Editors   reprinting  articles  from  this  journal  are  requested  to  credit  not  only  the 
Journal,  but  also   tlie  Society  before  which  such  articles  were  read. 
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INSTALLATION,  OPERATION  AND  ECONOMY   OF   STOR- 
AGE 15ATTER1ES- 


By  Ernest  Lunn,   Member  Detroit  Engineering  Societv. 


[Read  before  the  Society,  February  28,  1901.*] 

Where  the  conditions  are  such  that  the  demand  on  the  central 
station  is  ever  fluctuating  and  reaches  a  maximum  in  the  winter 
time  of  three  or  four  times  the  average  load  for  only  an  hour  or  an 
hour  and  a  half  a  day,  which  is  the  case  in  nearly  all  cities  of  the 
size  of  Detroit,  a  storage  battery  plant  is  a  very  valuable  auxiliary. 

This  paper  will  deal  with  the  battery  plant  of  the  Edison 
Illuminating  Company,  of  Detroit,  Mich.,  but  before  taking  up  that 
subject  I  wish  to  give  a  short  description  of  the  cell  most  commonly 
used  in  lighting  and  power  stations. 

There  are  several  forms  of  cell,  but  all  in  commercial  use  are 
of  lead  plates  in  dilute  sulphuric  acid,  and  depend  for  their  action 
on  the  formation  of  lead  peroxide  on  the  so-called  positive  plate 
and  of  sponge  lead  on  the  negative  when  a  current  is  forced 
through  the  cell ;  which  formations  are  reduced  again,  with  pro- 
duction of  a  current  in  the  reverse  direction,  as  soon  as  the  cell  is 
free  to  discharge.  The  typical  cell  is  merely  two  plates  of  pure 
lead  in  dilute  acid.  In  practice  the  formations  are  facilitated  by 
previous  mechanical  or  chemical  preparation  of  the  plates.  The 
mechanical  preparation  may  be  the  slitting  or  grooving  of  the  plates, 
to  facilitate  the  electrical  action  by  exposing  more  of  the  metal  to 
the  acid ;  but  it  is  more  often  a  careful  determination  of  the  plate 
structure,  so  as  to  secure  and  maintain  the  mechanical  integrity. 

*Manuscript  received  April  4,  1901. — Secretary,  Ass'n  of  Eng.  Sees. 
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The  chemical  preparations  are  usually  lead  oxides  or  salts  as  part 
of  the  first  construction,  so  that  the  work  remaining  to  be  done  by 
the  earlier  electrical  charges  may  be  a  minimum. 

It  should  be  noted  that  there  is  no  electrical  storage  in  a  so- 
called  storage  battery  or  accumulator.  The  storage  is  of  chemical 
energy,  as  in  any  electrical  battery  cell,  and  the  difference  between  a 
common  chemical  battery  and  an  accumulator  is  that  in  the  latter 
the  chemicals  used  permit  a  reversible  cycle,  the  electric  discharge 
being  followed  by  an  electric  charge,  which  restores,  with  more 
or  less  completeness,  the  chemical  energy  which  gave  the  discharge. 

The  chemical  actions  involved  in  the  process  of  discharging 
and  charging  are  very  complicated,  and  have  not  been  positively 
determined.  The  commonly  accepted  theory  is  that,  on  discharge, 
the  lead  peroxide  on  the  positive  plate  is  reduced  to  lead  sulphate, 
while  at  the  same  time  the  sponge  lead  on  the  negative  is  sulphated, 
with  the  result  that  the  sulphur  radical  is  abstracted  from  the 
electrolyte,  leaving  it  more  dilute,  hence  of  lower  specific  gravity. 

A  reversal  of  conditions  takes  place  during  the  charging 
process.  Oxygen  and  hydrogen  are  liberated  by  the  electrolytic 
action  of  the  current,  which  is  forced  through  the  cell  in  opposite 
direction  to  that  of  the  discharging  current.  Oxygen  unites  with 
the  sulphate  of  the  positive  plate,  converting  it  into  lead  peroxide 
and  liberating  the  sulphur  radical,  which  goes  bac-k  to  the  electro- 
lyte, increasing  its  specific  gravity.  Hydrogen  is  freed  at  the  nega- 
tive plate,  and  decomposes  the  sulphate  of  lead  on  that  electrode, 
reducing  it  to  pure  lead.  The  sulphur  returns  to  the  electrolyte, 
further  increasing  its  specific  gravity. 

An  accumulator  cell  consists  of  three  parts :  the  tanks,  the 
plates  and  the  electrolyte  surrounding  them.  The  retaining  tanks 
for  large  batteries  are  usually  of  heavy  ash,  lined  on  the  inside  with 
pure  sheet  lead ;  while  those  used  in  small  cells  are  of  either  hard 
rubber  or  glass.  The  Manchester  positive*  plate,  made  by  the 
Electric  Storage  Battery  Company,  of  Philadelphia,  has  a  frame- 
work of  lead  alloy,  containing  a  series  of  buttons.  The  framework 
gives  conductivity  and  strength  to  the  plate,  holds  the  buttons  in 
place  and  is  continuous  with  the  lug  to  which  the  bus  bar  is  con- 
nected. 

The  buttons,  upon  the  surface  of  which  is  found  the  active 
material,  are  made  of  lead  ribbons  about  9  inches  long  and  ^  inch 
wide,  corrugated  on  one  side  and  rolled  up,  making  them  about 
f  inch  in  diameter.     These  are  put  into  holes  in  the  alloy  frame, 

*The  terms  positive  and  negative  apply  to  the  terminals  of  a  battery 
exactly  the  same  as  we  apply  them  to  the  terminals  of  a  dynamo. 
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which  they  just  fit,  and  hydrauHc  pressure  is  brought  to  bear  upon 
ihem,  which,  with  the  subsequent  forming  process,  causes  them  to 
swell  so  that  they  fit  firmly  in  their  positions. 

The  special  advantages  of  this  button  construction  are  that  it  is 
free  from  buckling  caused  by  the  unequal  expansion  of  active  mate- 
rial, and  also  that  it  exposes  a  very  large  surface  to  the  action  of  the 
electrolyte.  Its  spiral  formation  permits  the  attainment  of  both 
these  desirable  qualities.  Other  batteries  have  differently  formed 
plates,  but  all  manufacturers  endeavor  to  make  a  plate  which  will 
expose  a  large  surface  of  active  material  to  the  electrolyte  and 
which  will  be  free  from  danger  of  scale  and  metal  short-circuiting 
the  cell  internally,  and  at  the  same  time  be  durable  and  free  from 
buckling. 

As  nearly  as  may  be,  the  negative  plate  is  of  pure  lead,  but  in 
an  allotropic  state.  Its  construction  is  somewhat  different  than 
that  of  the  positive  plate,  although  a  few  years  ago  both  plates 
were  formed  in  a  similar  manner  and  like  the  present  negative. 
The  essential  qualities  of  a  good  negative  plate  are  that  it  shall 
have  good  conductivity  and  a  framework  strong  enough  to  hold  in 
place  the  active  material  which  must  compose  a  greater  part  of  the 
plate.  In  the  chloride  plate  a  compound  containing  lead  chloride 
is  formed  into  tablets  about  f  inch  square  and  ^  inch  thick.  These 
squares  are  placed  in  a  mold,  and  a  grid  of  nearly  pure  lead  is  cast 
around  under  hydraulic  pressure,  leaving  them  about  ^  inch  apart. 
They  are  intended  to  be  as  close  together  as  the  mechanical  con- 
struction of  the  plate  will  allow.  After  casting,  the  plates  are  sub- 
jected to  an  electro-chemical  reduction  process,  which  removes  the 
chlorine  from  the  tablets  and  leaves  them  in  the  form  of  spongy 
lead,  chemically  pure  and  very  porous. 

A  good  positive  plate  must  have  ample  surface  over  which  the 
active  material  may  spread,  while  it  is  essential  that  the  negative  be 
porous  enough  to  allow  a  rapid  diffusion  or  circulation  of  the  acid 
as  it  comes  in  contact  with  the  lead  particles,  not  merely  on  the 
surface,  but  throughout  the  mass.  On  this  quality  depends  to  a 
great  extent  the  maximum  rate  of  charge  and  discharge.  If  a  par- 
ticle of  lead,  after  being  partially  sulphated,  is  surrounded  by  a 
dilute  solution  of  sulphuric  acid,  having  a  high  resistance  and  low 
specific  gravity,  it  is-  practically  incapable  of  adding  any  energy  to 
the  circuit  of  which  it  is  a  part  until  a  stronger  (and  hence  lower 
resistance)  solution  of  acid  has  come  in  contact  wath  it.  At  any 
given  rate  of  discharge,  the  attainment  of  this  state  of  helplessness 
on  the  part  of  the  particles  composing  the  negative  plates  is  the 
working  limit. 
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A  short  rest,  or  a  lower  rate  of  discharge,  will  allow  the  cell 
to  regain  the  normal  voltage  corresponding  to  the  amount  of  active 
material  left  unacted  upon  in  the  plates.  It  will  thus  be  seen  that 
the  freedom  with  which  the  electrolyte  may  diffuse  in  the  plates 
decides  the  question  of  the  maximum  charge  and  discharge  rates  of 
the  battery. 

An  ideal  battery  would  be  one  which  gave  up  the  same  number 
of  ampere  hours  whether  discharged  at  a  high  or  at  a  low  rate.  In 
central  station  work,  where  the  load  is  fluctuating,  and  especially 
where  there  is  a  very  decided  peak  for  a  short  time, — say  for  one 
hour, — it  is  the  battery  with  sufficient  capacity  to  carry  that  peak 
that  is  wanted ;  and  yet  in  the  accumulator  of  to-day  the  total 
capacity  at  the  one-hour  rate  is  only  half  what  it  is  at  the  eight- 
hour  rate,  and  only  a  few  years  ago  the  maximum  was  very  little 
over  the  eight-hour  rate. 

The  voltage,  on  open  circuit  between  the  positive  and  negative 
plates  of  a  cell,  ranges  from  2  to  2.2  volts.  This  variation  depends 
upon  the  type  of  cell  and  upon  the  state  of  charge.  As  soon  as 
discharge  begins  the  pressure  drops,  and  it  continues  to  drop  until 
the  limiting  point  is  reached,  which  is  about  1.7  volts.  This  lower 
limit  coincides  with  the  reduction  of  all  the  available  active  mate- 
rial. The  reaching  of  this  limit,  as  already  noted,  does  not  prove 
that  there  is  no  more  active  material  left  in  the  plates,  but  only  that 
there  is  none  in  working  contact  with  the  electrolyte.  Sometimes 
a  series  of  cells  may  have  an  average  voltage  less  than  1.7,  which 
means  that  some  cells  are  useless  and  are  being  charged  by  the 
current  forced  through  them  by  the  others  in  the  series. 

The  electrolyte  is  dilute  sulphuric  acid,  28  per  cent,  by  bulk. 
Both  acid  and  water  must  be  chemically  pure.  The  impurities  most 
to  be  avoided  are  those  which  affect  the  chemical  reactions  in  the 
plates,  the  metals  being  particularly  objectionable.  The  acids  other 
than  sulphuric  which  are  present  in  commercial  sulphuric  acid — 
i.e.,  nitric  and  hydrochloric  acid — are  likewise  to  be  avoided. 
There  is  evaporation  of  water  from  the  surface  of  the  electrolyte, 
and  there  is  a  loss  of  fluid  by  spraying  during  the  latter  part  of 
charge.  These  losses  have  to  be  made  good  by  the  addition  of  pure 
water  and  new  electrolyte.  A  still  for  water  distillation  is  a  com- 
mon annex  to  a  large  battery.     The  loss  of  acid  is  usually  negligible. 

Setting  Up.  In  setting  up  a  battery,  the  positive  plates  of  one 
cell  are  connected  to  a  lead  bus  bar,  on  the  opposite  side  of  which 
are  connected  the  negatives  of  the  next  cell. 

Fig.  I  shows  the  arrangement  of  plates  and  bus  bar  connec- 
tions.    At  present  the  plates  occupy  only  one-half  of  the  available 
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space  in  the  tanks.  The  l)attery  will  be  completed  as  the  demand 
for  service  requires  increased  capacity. 

Co)utcctioii  to  Systoii.  Jn  connecting-  the  battery  to  the  system, 
three  metiiods  may  be  followetl,  according  to  the  maniu-r  in  which 
the  battery  is  operated. 

In  railway  work,  and  particularly  in  sul)url)an  lines  when  the 
potential  of  the  system  is  extremely  variable,  the  battery  is  con- 
nected in  multiple  with  the  system.  It  discharges  when  there  is  a 
drop  in  \oltaoe  caused  by  a  heavy  demand  for  current,  and  receives 
its  charge  when  the  voltage  rises  above  the  normal  pressure  of  the 


Fig.   I.     Storage  B.vtterv  Tanks. 

system.  At  all  other  times  it  is  allowed  to  float,  neither  charging 
nor  discharging.  A  cable  connection  is  usually  made  to  a  genera- 
tor, so  that  an  occasional  charge  may  be  given  it  if  necessity 
demands.  No  other  regulating  apparatus  is  required.  A  battery 
connected  in  this  manner  is  used  simply  to  ec|uaHze  the  ])ressure  on 
the  system,  and  does  not  sustain  any  regular  charge  and  discharge. 
In  street  railway  systems,  where  the  battery  is  used  not  only  to 
equalize  the  pressure,  but  to  carry  regular  peaks,  special  apparatus 
for  charging  and  discharging  must  be  provided.  The  apparatus 
used  for  this  purpose  is  called  a  '"booster."  A  booster  is  simply  a 
motor-driven  sfenerator  in  series  with  the  batterv  circuit.     \\  hen  a 
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charge  is  given  the  battery  the  booster  raises  the  pressure  at  the 
terminals  of  the  accumulator  sufficiently  to  force  through  it  the 
desired  amount  of  charging  current.  On  discharge  it  has  a  reverse 
action,  and  lowers  the  pressure  over  the  battery  until  the  desired 
discharging  current  is  obtained.  The  booster  commonly  used  in 
railway  operation  is  a  "differential  booster,"  so  called  because  it  has 
a  diflerential  winding  which  permits  the  charge  and  discharge  to 
be  governed  automatically. 

In  a  lighting  system,  where  the  pressure  must  be  kept  much 
more  constant  than  in  railway  work,  the  regulation  is  controlled  by 
a  series  of  end-cells  connected  to  end-cell  switches,  together  with 
a  booster.  The  booster  may  be  used  for  either  charging  or  dis- 
charging, but  has  no  automatic  controlling  arrangement.  It  is 
customary  to  use  the  booster  only  on  charge.  The  discharge  is 
controlled  by  the  end-cell  switches. 

The  so-called  "end-cells"  are  merely  a  certain  number  of  the 
terminal  cells  of  the  battery,  so  arranged  that  any  number  of  them 
may  be  successively  connected  in  series  with  the  main  battery  as  the 
load  increases  and  cut  out  again  as  the  load  drops  off. 

'  The  number  of  end-cells,  as  well  as  the  number  in  the  main 
battery,  depends  upon  the  voltage  at  which  the  system  is  operated. 
The  maximum  voltage  of  the  main  battery  must  equal  the  normal 
voltage  of  the  system.  There  must  be  a  sufficient  number  of  end- 
cells  to  insure  proper  regulation  under  all  conditions  of  charge, 
and  also  to  provide  for  the  distribution  drop  of  the  system.  For 
mstance,  in  a  125-volt  system  this  would  mean  fifty  cells  in  the 
main  battery  and  about  thirty  additional  end-cells  to  give  a  bus  bar 
voltage  of  136  at  end  of  discharge.  From  the  cell  bus  bars  between 
the  end-cells  copper  leads  are  run  to  the  end-cell  switches,  ter- 
minating in  a  series  of  studs  arranged  in  succession.  Parallel  to 
these  studs  is  a  copper  slide,  from  which  connection  is  made  to  the 
switchboard.  A  laminated  copper  brush,  making  sliding  contact 
with  the  slide,  is  moved  successively  over  the  studs  by  means  of  a 
screw  propelled  either  by  hand  or  by  a  motor. 

Fig.  2  shows  one  of  the  end-cell  switches,  showing  the  arrange- 
ment of  the  copper  slide  and  studs. 

The  operation  of  the  battery  is  very  simple.  In  the  Edison 
system,  for  instance,  the  pressure  across  the  mains  is  about  120 
volts.  In  order  to  balance  the  battery  against  this  pressure  it  will 
be  necessary  to  have  about  60  cells  in  series,  counting  two  volts  per 
cell.  In  this  condition  it  acts  as  a  regulator,  or  floats ;  for  if  there 
is  a  rise  of  pressure  on  the  mains,  due  to  a  sudden  cessation  in  the 
demand  for  current,  the  battery  will  absorb  the  surplus  energy  by 
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suffering  a  slight  charge ;  while,  on  the  other  hand,  sliouUl  the  pres- 
sure suddenly  fall,  the  Ijattery  discharges  enough  to  keep  the  volt- 
age almost  constant  in  the  system. 

In  street  railway  work,  where  the  load  is  much  more  Huc- 
tuating  than  in  lighting,  this  characteristic  of  the  hattcry  is  of  great 
consequence. 

As  the  cells  discharge,  additional  cells  have  to  be  added,  in 
series  with  those  already  in,  in  order  to  keep  the  pressure  constantly 
120  volts  at  the  service  ends  of  the  mains.  This  is  done  by  moving 
the  sliding  contact  brush  further  along  the  end-cell  switch.     As  the 


Fig.  2.     End  Cell  Switch. 


load  drops  off,  these  cells,  previously  cut  in,  have  to  be  cut  out 
again.  This  is  done  by  moving  the  brush  in  the  opposite  direction. 
The  end-cell  switches  are  operated  from  the  switchboard,  so  that 
the  operator  has  complete  control  of  the  battery  from  his  position 
at  the  board. 

Availability.  In  order  that  the  effect  of  the  Edison  battery 
may  be  easily  understood,  I  wish  to  say  a  word  concerning  the 
general  plan  of  the  Edison  Illuminating  Company's  underground 
distribution  system.  This  will  be  necessary  because  the  battery 
plant  is  now  a  part  of  that  system,  and  its  value  can  better  be 
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appreciated  when  the  conditions  of  the  field  previous  to  the  installa- 
tion of  the  battery  are  understood. 

The  main  station  (Station  "A,"  corner  of  State  street  and 
Washington  avenue)  has  been,  and  is  at  present,  the  generating 
plant  for  nearly  all  the  current  used  in  the  underground  system. 

Fig.  3  is  a  diagram  showing  the  relative  positions  of  this  station 
and  the  centers  of  distrilnition  of  the  underground  system  within 
the  half-mile  circle;  also  the  location  of  Ihe  battery  station,  Sta- 
tion "E." 
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Fh;.  3.     Plan  of  Comp.xnv's  System. 


Last  spring  the  Edison  Illuminating  Company  was  facing  the 
proposition  of  determining  the  most  economical  way  to  increase  the 
output  of  the  generating  station.  It  was  estimated  that  the  holiday 
season  load  would  run  about  4000  or  5000  amperes,  or  500  to  600 
kilowatts,  higher  than  the  year  before ;  and  in  the  previous  year  the 
station  was  loaded  to  its  full  capacity.  Owing  to  the  already 
crowded  condition  of  Station  A,  the  cost  of  installing  generating 
machinery  sufficient  to  supply  the  demand  for  the  coming  year, 
with  some  facilities  for  taking  care  of  the  probable  increase  of  load 
of  the  following  season,  would,  it  was  figured,  be  greater  than  the 
cost  of  an  accumulator  plant. 
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Furthermore,  it  was  not  only  undesirable,  but  next  to  impos- 
sible, to  increase  sufficiently  the  output  of  Station  A. 

A  converter  station,  taking  power  from  our  alternating  system, 
and  situated  where  the  battery.  Station  E,  now  is,  would  have  been 
n.  possible  expedient  had  it  not  been  for  the  fact  that  the  peaks,  on 
both  the  Edison  and  the  alternating  stations,  take  place  about  the 
same  time.  The  additional  equipment  necessary  to  insure  service 
equal  to  that  given  by  the  battery  would  have  cost  more  than  the 
battery.  The  peak,  which  comes  only  in  the  winter  months,  lasts, 
all  told,  not  more  than  125  hours  per  year;  and  to  install  gen- 
erating machinery  to  carry  that  load  for  that  length  of  time,  and  to 
lie  practically  idle  the  remainder  of  the  year,  would  mean  an 
expenditure  of  money  difficult  to  realize  encouraging  dividends  on. 
With  a  storage  battery  plant  it  is  different ;  it  takes  the  high  peak 
in  the  winter  months  and  furnishes  the  system  with  sufficient 
reserve  at  all  times,  while  at  the  same  time  it  allows  two-thirds  of 
its  capacity  to  be  used  at  will  every  day  in  the  year.  Whatever  the 
advantages  afforded  by  the  battery,  they  ar2  felt  every  day.  Fewer 
boilers  have  to  be  kept  fired  up  and  fewer  engines  ready  to  run, 
and  the  generating  machinery  can  be  worked  at  the  point  of  greatest 
economy. 

Location.  The  decision  to  install  a  battery  led  to  the  investiga- 
tion of  possible  sites.  A  theoretical  location  could  have  been  easily 
determined  by  taking  into  account  the  existing  conditions  and  the 
possible  extension  of  the  system  had  not  other  conditions  introduced 
very  important  limiting  factors.  These  factors  included  the  avail- 
able sites,  their  comparative  cost  and  the  comparative  cost  of  copper 
necessary  to  make  the  best  connection  to  the  system,  besides  the 
fire  risk  to  which  the  location  of  each  would  subject  the  battery 
plant. 

Construction  of  Building.  The  lot  selected  gave  no  excess  of 
space.  The  sectional  elevation  of  the  battery  station  shows  this 
(see  Fig.  4). 

To  get  the  battery  in  place  without  crowding,  and  \\\t\\  con- 
venient arrangement  of  copper,  required  considerable  study.  The 
final  copper  plan  was  drawn  by  the  battery  company  after  the 
dimensions  of  the  room  were  fixed  by  us,  and  the  copper  and 
switches  were  got  out  according  to  this  approved  plan  wdiile  the 
building  was  in  progress.  Work  was  begun  on  the  foundation 
May  I,  19CXD,  and  the  building  was  finished  in  August. 

The  wall  above  the  opening  for  the  end-cell  switches  is  of 
brick,  clear  through  to  the  roof,  thus  separating  the  battery  room 
from  the  rooms  in  front.     There  are  good  reasons  for  having  it 
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so  arranged,  the  principal  one  being  that  it  protects  the  cells  from 
hre  originating  in  the  dwelling  rooms.  Fire  is  not  likely  to  origi- 
nate elsewhere.  The  switchboard  and  booster  room  is  directly 
above  the  end-cell  switch  room.  All  the  operating  is  done  from 
this  room. 

To  go  back  to  the  construction  of  the  building.  It  is  abso- 
lutely necessary  that  there  be  a  good  foundation,  for  there  are  160 
tanks,  weighing  about  2  tons  apiece,  in  a  room  30  x  85  feet.  These 
must  be  kept  in  perfect  alignment,  and  any  sinking  or  failing  in  the 
foundation  would  cause  serious  trouble.     The  natural  foundation 


Fig.  5.     Station  E. 


was  found  to  be  of  clay.  A  good  system  of  drainage  was  put  in 
the  ground,  so  that  the  tile  came  under  the  walks  between  the  tanks, 
and  then  a  covering  of  concrete  16  inches  thick  was  spread  on, 
coarse  at  the  bottom  and  finer  at  the  top.  This  used  up  the  material 
of  the  building  found  on  the  lot.  Upon  this  w^ere  placed  extra 
heavy  paving  bricks.  It  took  eight  barrels  of  pitch,  between  the 
bricks,  to  complete  the  foundation,  which,  when  it  was  done  and 
dry,  was  perfectly  level  and  also  a  good  insulator.  One  fails  to 
detect  the  slightest  sign  of  a  current  when  standing  on  the  floor 
and  feeling  at  the  same  time  any  of  the  live  conductors.      (Those 
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who  are  accustomed  to  getting"  a  poke  every  time  they  lay  a  hand 
on  a  wire  around  a  station  will  appreciate  the  convenience  of  hav- 
ing a  non-conducting  floor.) 

The  side  walls  are  of  red  pressed  and  partially  vitrified  brick 
to  a  height  of  about  9  feet  above  the  floor,  continuing  the  rest  of  the 
way  of  ordinary  building  brick.  This  pressed  brick  is  acid-proof. 
The  front  is  of  gray  pressed  brick,  and  so  designed  as  to  give  the 
building  the  appearance  of  a  dwelling  house  rather  than  that  of  an 
electric  lighting  station.      (See  Fig.  5.) 

Iiistalliiig  the  Battery.  The  setting  of  the  tanks  was  an  opera- 
tion requiring  great  care.  On  account  of  their  weight,  they  must 
be  well  supported.  Insulation,  too,  is  a  matter  of  great  import- 
ance.    Each   tank    is    supported    on   eight    petticoated    insulators, 
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Fig.  6.     Load  Curve. 

Thursday,  January  25,  1900.    Storage  battery  not  installed. 

which  rest  on  vitrified  tile  7  inches  wide  and  ^  inch  thick,  set  to  a 
templet  and  on  sulphur.  '  With  the  tile  set  and  the  porcelain  insula- 
tors fastened  to  the  bottoms  of  the  tanks  by  being  stuck  into  their 
places  with  hot  pitch,  the  operation  of  tank  setting  became  both 
simple  and  rapid.  As  soon  as  a  few  tanks  were  put  in  place,  the 
glass  supporting  plates  were  put  in,  and  the  battery  plates  sup- 
ported on  these.  In  this  way  a  large  force  of  men  was  kept  at 
work.  Different  gangs  were  setting  tile  and  tanks,  and  cleaning 
up  plates  and  putting  them  in  place  in  the  tanks  at  the  same  time. 
As  soon  as  it  could  be  done,  the  w'ork  of  burning  the  plates  to  the 
lead  bus  bar  was  commenced. 

Burning  is  necessary  instead  of  the  more  convenient  soldering, 
because  solder  would  be  promptly  attacked  by  the  acid  spray. 
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Perhaps  the  most  interesting  of  all  the  work  was  filling  the 
tanks  with  the  acid.  At  the  rear  of  the  building  was  placed  a  tank 
similar  to  one  of  those  used  for  the  battery,  and  about  8  feet  above 
them.  Ten  rubber  tubes  (garden  hose)  were  constantly  siphoning 
the  acid  from  the  tank  to  the  battery  tanks.  A  gang  of  men  was 
emptying  carboys  into  the  upper  tank  as  fast  as  they  could  be 
handled.  A  carboy  would  be  tipped  upside  down  over  the  tank, 
the  box  surrounding  it  supporting  it  in  such  a  way  that  its  neck 
extended  into  the  tank  about  5  inches.  The  acid  in  the  tanks  could 
therefore  never  get  above  the  level  of  the  mouth  of  the  carboy  as 
it  was  thus  inverted.     As  soon  as  one  was  placed  on  the  tank  and 
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Fig.  7.     Load  Curve. 

Tuesday,  December  iS,  1900.    Storage  battery  installed. 

Started  to  empty,  it  was  shoved  along  to  make  room  for  another, 
and  was  empty  by  the  time  two  others  had  been  put  on  behind  it. 
The  process  was  very  rapid,  and  over  2000  carboys  were  emptied 
in  about  a  day  and  a  half.  Everything  had  to  be  so  far  com- 
pleted by  the  time  the  acid  was  in  that  the  first  charge  could  begin 
immediately  afterward,  for  it  injures  the  plates  to  allow  them  to 
stand  in  the  electrolyte  for  any  length  of  time  in  an  uncharged  con- 
dition. The  injury  is  in  the  formation  of  an  irreducible  sulphate. 
The  first  charge  was  begun  immediately  and  continued  for 
thirty  hours,  the  rate  being  comparatively  low, — 500  amperes  to 
start  with  and  increased  later  to  700  amperes.     The  cells  were  over- 
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charged  on  the  first  occasion  and  on  the  next  few  charges,  the  object 
being  to  complete  the  formation  of  the  active  material,  which  is 
nearly,  but  not  quite,  completed  when  the  plates  leave  the  factory. 
Operation.  The  subject  of  operation  can  best  be  understood 
by  an  inspection  of  the  following  curves  : 
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Fig.  8. 

Sunda>',  September  23,  1900.     Storage  battery  not  installed. 

Fig.  6  shows  a  characteristic  load  curve  previous  to  the  installa- 
tion of  the  battery. 

Line  A,  called  the  engine  curve,  represents  the  normal  rating 
of  the  units  running.  Line  B,  called  the  commercial  load  curve, 
represents  the  amperes  supplied  to  the  system. 

It  will  be  noticed  that  the  load  factor  of  the  engines'  run — 
that  is,  the  ratio  of  the  ordinates  of  curves  B  to  A — is  compara- 
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Fig.  9.     Lo.\D  Curve. 

Sunday,  November  25,  1900.     Storage  battery  installed. 

lively  low.  It  was  necessary  to  run  the  engines  at  this  low  load 
factor  in  order  to  secure  reliable  service  under  all  conditions  of 
operation. 

Fig.  7  illustrates  a  characteristic  load  curve  after  the  battery 
was  installed.  The  cross-hatched  areas  represent  the  operation  of 
the  battery.  It  will  be  noticed  that  the  load  factor  has  been  greatly 
increased.  This  is  due  to  the  fact  that  the  battery  was  on  the 
system  and  supplied  a  reserve,  making  it  unnecessary  to  run  gen- 
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crating  machinery  below  the  normal  rating,  as  was  done  before  the 
battery  was  installed. 

Figs.  8  and  9  are  characteristic  Sunday  load  curves,  before  and 
after  the  battery  was  installed  respectively.  Compare  again  the 
load  factors  in  the  two  cases. 

Fig.  10  shows  the  operation  of  the  battery  in  emergency  cases. 
On  account  of  a  feed-water  pipe  bursting  at  the  generating  station, 
the  plant  was  shut  down  for  about  three-quarters  of  an  hour,  while 
the  battery  carried  the  entire  district  load,  giving  the  engineers 
sufficient  time  to  get  another  boiler  unit  in  commission. 


iOOCO 


Fig.   10.     Load  Curve. 

Wednesday,  November  21,  1900.     Storage  battery  installed. 


Fig.  II.  Curve  O  O  O  is  the  battery  capacity  curve,  made  up 
from  data  furnished  by  the  Electric  Storage  Battery  Company. 
The  discharge  rates  are  plotted  as  ordinates ;  the  time  and  hours  as 
abscissas,  the  capacity  being  2750  ampere  hours  at  the  one-hour 
discharge  rate,  3750  at  the  two  and  one-half,  4350  at  the  three  and 
5440  ampere  hours  at  the  eight-hour  rate. 

Curves  A  A  A,  B  B  B,  etc.,  are  curves  showing  the  various 
discharges  in  ampere  hours,  plotted  in  a  similar  manner  to  the 
capacity  curve. 

It  is  well  known  that  the  available  capacity  of  a  battery  in- 
creases as  the  rate  of  discharge  decreases,  and  it  was  for  the  pur- 
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pose  of  showing  the  relation  existing  between  them  that  the  capacity- 
curve  was  superposed  on  the  discharge  curves. 

Suppose  at  any  particular  time  it  is  known  that,  say,  2500 
ampere  hours  have  been  taken  from  the  battery  at  various  rates  of 
discharge,  and  it  is  desired  to  know  how  long  a  certain  discharge 
rate,  say  2000  amperes,  can  be  carried.  Follow  up  the  2500- 
ampere  discharge  curve  until  it  intersects  the  2000-ampere  rate  line. 
The  distance  between  this  point  of  intersection  and  the  point  where 
the  2000-ampere  rate  line  cuts  the  capacity  curve  represents  the 
length  of  time  that  2000  amperes  can  be  carried,  which  is  about 
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Fig.  II.     Battery  Curves. 

Capacity  curve  shows  capacity  of  battery  at  different  rates  of  discharge. 
Discharge  curves  show  various  discharges  in  ampere  hours  and  their  relation  to  the  capacity 

curve. 

twenty  minutes.  With  the  battery  in  the  same  condition,  1500 
amperes  could  be  carried  for  about  forty-five  minutes,  as  shown  by 
the  distance  between  the  points  of  intersection  of  the  1500-ampere 
rate  line  with  the  2500-ampere  discharge  curve  and  the  capacity 
curve. 

In  a  similar  manner,  it  can  easily  be  calculated  how  long  any 
rate  can  be  carried  by  the  battery,  or  whether  it  can  be  carried  at  all, 
if  the  ampere  hours  previously  taken  out  are  known. 

It  is  not  customary  to  work  the  battery  near  enough  to  its  limit 
to  make  it  necessary  to  consult  the  curves.     It  is,  however,  very 
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valuable  in  fimTj^ciu-}-  oases  to  know  how  h  iii;-  a  certain  rate  can  be 
carried.  The  curves  have  been  repeatedly  found  to  be  very  reliable, 
and  to  know  just  how  long  the  battery  can  be  depended  upon  to 
carry  a  given  load,  if  necessity  demands,  is  a  source  of  no  small 
satisfaction  to  the  operator. 

Economy. — The  real  economy  of  an  accumulator  plant  is  hard 
to  determine,  constituting  as  it  does  only  a  small  part  of  a  large 
system,  each  department  of  which  adds  to  or  detracts  from  the 
economic  operation  of  the  whole,  according  to  the  degree  of  effi- 
ciency with  which  each  branch  is  run.  It  would  be  unfair  to  expect 
the  nunilier  of  pounds  of  coal  burned  per  kilowatt-hour  output  to 
be  greatly  decreased  on  account  of  having  the  battery  in  operation 
when  it  is  remembered  that  only  about  8  per  cent,  of  the  output  is 
dealt  with  by  the  battery.  It  has  been  impossible  to  get  accurate 
data  on  this  point.  There  has  been  a  falling  ofif  in  the  amount  of 
coal  burned  for  a  given  output  since  the  battery  was  installed,  but 
I  am  not  prepared  to  say  that  the  saving  in  the  coal  bills,  calculated 
along  that  line,  is  more  than  enough  to  pay  the  operating  expenses 
of  the  battery  station. 

I  do  hold,  however,  that  the  cost  of  operating  and  maintaining 
an  accumulator  plant  (the  one  under  consideration  in  particular)  is 
no  greater  than  that  of  a  complete  generating  plant  of  the  same 
capacity,  and  in  the  above-mentioned  case  the  cost  of  installation 
of  such  a  plant  would  have  been  in  excess  of  the  first  cost  of  the 
battery.  In  such  a  steam  plant  w'e  would  not  have  expected  any 
greater  reduction  in  the  cost  of  coal  per  kilowatt-hour  than  we  have 
already  experienced  while  using  the  battery.  There  are  other 
reasons,  however,  for  believing  that  the  installation  of  the  battery 
plant  was  a  wise  move.  Situated  as  it  is,  it  makes  it  possible  to 
cover  districts  which  could  not  be  reached  directly  from  Station  A. 
Xot  only  that,  but  the  whole  system  feels  the  effect  of  the  better 
regulation  afforded  by  the  battery.  It  acts  as  a  reservoir,  ready  at 
all  times  to  give  energy  to  the  system,  and  forestalling  any  drop  in 
pressure  which  could  be  caused  by  the  failure  of  any  single  unit  at 
the  generating  station.  It  is  customary  to  keep  always  enough 
reserve  energy  in  the  battery  to  carry  for  about  an  hour  the  load 
dropped  by  such  an  accident,  giving  the  engineers  plenty  of  time  to 
get  another  set  of  generators  or  boiler  plant  in  commission.  This 
reserve  amounts  to  about  one-third  of  the  capacity  of  the  battery. 
W'e  are  at  liberty  then  to  use  the  other  tw^o-thirds  in  whatever  w-ay 
good  operation  demands. 

So  far  the  battery  has  given  the  best  of  satisfaction.  During 
the  summer  months  we  expect  to  use  it  to  as  great  an  advantage  as 

26 
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durin,-  the  past  winter.  Thunder-storm  peaks  can  be  taken  care  of 
tithott  the' necessity  of  keepnrg  boilers  m  read.ness  or  such  an 
emereencv  and  the  load  factor  of  the  engines  run  can  be  raised  to 
r  most- economical  point  of  operation,  reducutg  by  no  smal 
amount  the  number  of  pounds  of  coal  burned  per  given  outpt  t.  As 
ameans  by  which  the  output  of  the  system  could  be  nrcreased  the 
Ltte  y  was  the  cheapest  and  best;  and  as  for  supplying  reserve, 
read"  at  a  moment's  notice.  ,t  has  no  eqttal.  Its  many  other  v.r.ues 
only' strengthen  an  ever-growing  respect  for  .t. 
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CONCH l]Ti:  (ONSTKUCTION. 

Bv  C.  R.  Neher. 


[Read  before  the  Engineers'  Society  of  Western  Xew  York,  March  5,  1901.*] 

The  object  of  the  present  paper  on  concrete  construction  is  to 
gi\e  a  tow  practical  sui^s^cstions  liasod  on  actual  ex])crience.  I  liave 
no  new  theories  to  advance,  but  am  a  beUever  in  the  use  of  a  wet 
mixture,  of  such  proportions  as  to  give  a  maximum  of  strength 
muler  compression,  always  using  Portland  cement.  Where 
economy  is  necessary,  I  would  introduce  large  stone  in  the  heart  of 
the  mass,  or  cellular  construction,  but  would  not  cheapen  the 
concrete. 

'Sly  remarks  will  be  from  the  standpoint  of  the  purchaser  and 
contractor,  as  well  as  the  engineer.  As  engineers,  in  our  desire  to 
secure  good  work  and  uniform  results,  we  are  apt  to  introduce  un- 
necessary refinements,  resulting  in  increased  cost,  retarding  the 
progress  of  the  work  and  often  defeating  the  end  in  view. 

As  concrete  is  almost  always  used  in  compression,  I  would 
recognize  no  test  but  that  of  the  actual  mixture  to  be  used  in  the 
work  and  that  under  compression.  Such  a  test  demonstrates  the 
excellence  of  all  the  ingredients  and  wdiether  they  are  properly 
proportioned.  Even  with  excellent  ingredients,  low  results  are 
often  obtained  by  reason  of  wrong  proportions.  To  illustrate,  last 
summer  I  had  occasion  to  test  the  value  of  copper  slag  and  lake 
gravel  in  concrete.  The  gravel  alone,  mixed  five  parts  gravel  to 
one  of  cement,  was  good  for  about  60  tons  per  square  foot  ultimate 
compression  after  seven  days.  The  standard  of  excellence  desired 
was  that  obtained  by  limestone  and  gravel,  mixed  i  cubic  foot  of 
cement  to  2f  cubic  feet  limestone  (passing  a  2-inch  ring,  pieces  i 
inch  and  under  excluded)  and  2\  cubic  feet  of  lake  gravel,  which 
gave  an  average  ultimate  compression  in  seven  days  of  135  tons 
per  square  foot. 

My  first  tests  on  the  slag  mixture  gave  only  about  80  tons  per 
square  foot  in  seven  days,  and  appeared  to  demonstrate  a  low  value 
for  the  slag;  but  examination  of  the  fracture  showed  an  excess  of 
gravel  and  a  fracture  through  the  spaces  where  the  most  gravel 
existed.  A  slight  diminution  in  the  quantity  of  the  gravel  gave 
results  of  over  140  tons  in  seven  days.  The  copper  slag  is  shown 
by  analysis  to  be  free  from  deleterious  chemicals,  except  lime,  and 
its  use  in  work  of  four  years'  standing  seems  to  prove  the  absence 
of  free  lime.     The  slag  can  be  obtained  cheaper  per  cubic  yard  than 

*Manu5cript   received   April   23,    1901. — Secretary,   Ass'n   of   Eng.    Socs. 


274 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


stone,  but,  l)y  reason  of  its  threat  weight  (about  3300  pounds  per 
cubic  yard  for  run  of  cruslier.  against  2800  pounds  for  limestone), 
the  cost  of  transportation  and  handhng  is  increased.  Owing  to  its 
weight  and  abrasive  qualities,  the  duty  is  harder  on  the  mechanical 
mixer  and  tools,  and  the  slag  is  more  apt  tlian  limestone  to  separate 
itself  from  the  other  ingredients  when  thrown  from  a  height  or 
used  with  a  large  amount  of  water ;  and  its  apparent  economy  is 
largely  offset  by  the  objections  mentioned. 

Ihe  engineer  should  seek  to  obtain  greatest  strength,  complete 
filling  of  voids  and  a  smooth  exterior ;  all  of  which  can  be  obtained 


Under  Sfxtion  of  Floor.  Eastern  Elevator.  Showing  Beams  and  Girders. 
Ransome  Concrete  Construction. 


by  simple  means.  An  excess  of  fine  material,  while  producing  a 
good  finish,  weakens  the  concrete ;  imperfect  filling  of  voids  pro- 
duces rough  work,  and  is  also  an  element  of  weakness ;  therefore,. 
to  define  the  exact  proportions  to  be  used  in  any  piece  of  work 
necessitates  an  intimate  knowledge  of  the  exact  materials  that  will 
be  used  by  the  contractor  to  whom  the  work  is  awarded.  As  stone 
from  different  quarries  does  not  produce  the  same  fracture  or  the 
same  amount  of  fine  material,  it  is  seldom  wise  to  state  the  exact 
proportions,  except  that  of  the  cement  to  the  rest  of  the  aggregate,, 
the  remaining  ingredients  to  be  so  proportioned  as  to  fill  all  voids 
without  an  excess  of  fine  material,  leaving  the  exact  amounts  to  be 
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<Ictfniiiiie(l   I)\-   cxpcriiiK'iU    willi    llic   actual   niaicrials   lo  be   used 
when  j)lace(l  on  tlio  work. 

Sproiticatii  ms  should  slalc  llu'  niiniinuni  size  of  hroken  stone 
allowed,  as  well  as  the  niaxinnun,  as  broken  stone  is  graded  in  tive 
ooinniercial  sizes;  and  to  determine  the  voids  it  is  necessary  to 
know  the  sizes  included  in  the  coarse  aji'i^regate.  As  a  measure  of 
economy,  it  is  well  to  specify  run  of  crusher,  dust  removed.  This 
is  usually  sold  at  5  per  cent,  less  than  the  graded  sizes,  and  contains 
about  20  per  cent,  more  material,  leaving  less  tine  material  to  be 
supplied  to  fill  voids,  resultint;'  in  a  savin,^"  oi  25  per  cent.,  which 


Thirtv-six-in'ch  Floor,   E.^stern   Ele\atok.   Buffalo,   X.    ^" 
Concrete  Construction. 


Ransome 


will  be  offset  somewhat  by  i^reater  cost  per  cubic  yard  for  trans- 
portation. 

Thorouijh  ramminj^  should  always  be  specified.  The  oreneral 
impression  amono-  men  employed  in  placing-  concrete  is  that  little 
ramming  is  re(|uired  if  the  mixture  is  wet.  This  is  a  mistake. 
Large  voids  will  show  in  the  face  of  the  work  if  not  thoroughly 
tamped ;  and  the  fact  that  wet  mixtures  are  seldom  tamped  enough 
is  one  of  the  reasons  whv  it  sometimes  does  not  show  uj)  so  well  in 
testing  as  compared  with  dry  mixing,  which  must  necessarily  be 
thoroughly  tamped. 

Thorough  mixing  should  also  be  insisted  on.  and  on  all  work 
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where  an  amount  to  exceed  40  cubic  yards  per  day  is  placed  me- 
chanical means  should  be  used.  In  this  way  greater  strength  and 
uniformity  can  lie  obtained  at  less  expense  than  by  the  addition  of 
cement. 

A  concrete  composed  separately  of  several  of  the  commercial 
sizes  of  broken  stone,  gravel,  sand,  etc.,  is  always  expensive.  The 
coarser  size  stone,  passing  a  2^-inch  ring,  with  the  voids  filled  by 
the  addition  of  the  smaller  sizes,  sand,  etc.,  would  take  45  cubic 
feet  to  make  one  cubic  yard  in  place,  or  a  yield  of  60  per  cent. ; 
besides  adding  to  the  expense  of  the  handling  and  being  very  diffi- 


Arrangement  of  Forms  and  Twisted  Steel  Rods,  Thirty-six-inch  Floor. 
Eastern  Elevator.     Top  \^ie\v. 


cult  to  properly  proportion  by  the  ordinary  laborer.  Equally  good 
results  would  be  obtained  by  run  of  crusher,  sand  and  cement,  giv- 
ing only  three  ingredients  to  watch,  and  resulting  in  a  very  material 
saving  in  expense.  As  eternal  vigilance  is  the  price  of  success  in 
concrete  work,  simplifying  of  methods  is  desirable.  We  err  when 
we  introduce  refinements,  which  increase  the  cost  and  give  no 
corresponding  results. 

To  produce  smooth  work,  the  addition  of  granolithic  face  or 
plastered  surface  is  unnecessary.  Smooth  forms,  with  concrete 
well  proportioned,  will  give  just  as  smooth  work  at  much  less  cost, 
leaving  the  whole  mass  uniform,  without  a  line  of  separation  or 
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difference  of  compressive  strength.  As  an  illnslration  of  tiiis,  the 
concrete  foundation  and  floor  of  the  Eastern  elevator  and  tlie  foun- 
dations of  the  new  Dakota  eIe\alor  are  good  examples,  and  a  cor- 
(hal  invitation  is  extended  to  all  to  examine  this  work.  A  large 
portion  of  this  work  was  placed  in  midwinter,  proving  that  good 
work  can  be  done  at  all  times  and  seasons,  although  the  expense  is 
about  20  per  cent,  greater. 

Another  way  to  produce  finish  is  to  joint  the  concrete  to  repre- 
sent masonry,  using  rough  lumber  for  forms  ;  then  bush-hammering 
the  face,  which  can  be  done  by  an  ordinary  laborer  at  i  ^^  cents  per 


Concrete  Foundations,  Dakota  Elevator,  Buffalo,  N.  Y. 

All  made  in  February,  1901.    Thermometer  0°  to  40°.     Cost  63  cents  per  cubic  \  .Trd  to  heat. 


square  foot.  The  amount  saved  b}-  using  rough  lumber  goes  a 
long  way  toward  paying  for  the  bush-hammering,  which  removes 
all  impressions  from  inequality  of  molds,  efflorescence,  etc.  The 
front  of  the  Eastern  elevator,  facing  the  dock,  is  so  treated. 

1  he  preparation  of  forms  calls  for  considerable  ingenuity,  and 
every  contract  requires  special  study,  to  the  end  that  smooth  sur- 
faces be  left,  with  unbroken  corners,  that  the  swelling  of  the  wood 
does  not  rupture  the  concrete  or  leave  distorted  surfaces ;  and  that 
the  forms  be  so  designed  as  to  be  used  several  times,  and  readily 
set  up  and  taken  down  and  later  on  devoted  to  other  uses.     As  the 
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charge  for  forms  against  the  concrete  can  seldom  be  kept  below 
50  cents  per  cubic  yard  for  heavy  work,  there  is  always  an  oppor- 
tunity for  the  ingenuity  of  the  designer,  as  few  rules  can  be  laid 
down  for  his  guidance. 

The  use  of  matched  or  tongue-and-grooved  stuff  is  not  desir- 
able, as  concrete  fills  in  the  openings  and  there  is  no  opportunity 
to  expand  from  moisture.  Unmatched  boards  dry  apart  and  let 
the  water  in  the  concrete  leak  out,  carrying  with  it  some  of  the 
cement.  Later  on  they  swell  and  buckle  and,  if  used  as  interior 
forms,  burst  the  concrete.  The  best  way  devised  so  far  is  to  bevel 
one  edge  of  the  boards,  using  narrow  stuff',  not  to  exceed  6  inches. 
The  sharp  edge  of  the  bevel,  lying  against  the  square  edge  of  the 
adjoining  board,  allows  the  edge  to  crush  when  swelling  and  closes 
up  the  joint,  preventing  buckling. 

A  coat  of  soft  soap,  before  filling  the  forms,  prevents  the  con- 
crete from  adhering  to  the  forms,  which  should  always  be  scraped 
and  brushed  with  a  steel-wire  brush  when  taken  down. 

Square  corners  should  be  avoided,  as  they  readily  chip  off ;  and 
where  used  as  interior  forms  for  recesses  or  cellular  construction, 
a  fillet  should  always  be  placed  in  the  corners. 

Concrete  can  often  be  saved  by  introducing  cells  in  the  mass. 
These  are  formed  either  by  cheap  hemlock  boxes,  which  can  be 
left  in  the  work,  or  by  collapsible  boxes  which  can  be  withdrawn 
and  used  over  again.  Where  weight  is  desirable,  one-man  stone 
can  be  rammed  in  the  heart  of  the  mass,  reducing  the  cost  very 
materially. 

Where,  for  economy  in  handling  or  other  reasons,  it  is  desir- 
able to  dump  the  concrete  from  a  considerable  height,  some  precau- 
tion should  be  taken  to  avoid  having  the  coarse  aggregates  separate 
from  the  rest  of  the  mass.  This  can  be  accomplished  in  several 
ways, — either  by  chains  loosely  stretched  at  intervals  across  a  chute 
or  by  shelves  extending  part  way  across  the  chute  at  an  incline,  so 
as  to  deposit  on  a  corresponding  shelf  on  the  opposite  side,  so 
alternating  the  length  of  the  chute.  Either  of  these  methods  is  a 
direct  benefit,  as  it  more  thoroughly  mixes  the  concrete. 

Our  building  laws  as  a  rule  show  little  knowledge  of  the  value 
of  concrete,  ordinarily  limiting  its  use  to  16  tons  or  less  per  square 
foot,  involving  a  larger  factor  of  safety  than  is  required  for  any 
other  material.  This  probably  is  due  to  the  large  amount  of  poor 
concrete  turned  out,  and  also  to  a  desire  to  exclude  from  the  build- 
ing trades  a  material  that  can  be  placed  by  unskilled  labor. 

Regarding  the  introduction  of  steel  or  iron  in  its  various  forms 
in  concrete  to  give  tensile  strength,  there  is  no  question  as  to  its 
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utility  if  properly  used.  J  claim  no  special  kno\vle(l.t,'-c  of  anv  of  the 
systems  except  the  Ransome.  which  appears  to  me  the  l)est,  for  the 
follouini;  reasons:  It  is  a  perfect  system,  from  which  the  entire 
structure,  fn^ii  foundations  to  roof,  can  he  made  without  the  intro- 
<luction  i)f  I  heams  or  metal  framework  of  any  description,  except 
molding-  in  the  cold-twisted  square  steel  hars. 

The  cold-twisting  which  the  square  hars  receive  has  many 
advantages  possessed  by  no  other  system.  The  twisting  prevents 
the  rod  from  drawing  in  the  concrete,  making  the  grip  on  it  con- 
tinuous and  uniform,  rendering  the  strains  all  equal.  It  further 
decreases  the  ductility  of  the  metal,  making  it  act  more  nearly  in 
harniDuy  with  the  concrete, — a  vital  point  when  the  nature  of  con- 
crete is  considered.  Incidentally,  we  also  gain  a  marked  increase 
in  tensile  strength,  which  in  practice  w^e  generally  throw  in  as  an 
extra  factor  of  safety.  The  application  of  concrete-metal  is  in  its 
infancy,  and  in  a  short  time  I  predict  it  will  be  used  in  many  ways 
not  now  thought  of.  Its  application  so  far  has  been  markedly  suc- 
cessful. The  floor  of  the  Eastern  elevator  is,  I  believe,  the  boldest 
application,  to  date,  of  concrete-metal  construction.  The  actual 
load  on  the  floor  is  4470  pounds,  and  the  dead  weight  of  the  floor  is 
300  pounds  per  square  foot,  taking  the  load  as  uniformly  dis- 
tributed. A\'hen  we  consider  that  the  grain  load  is  concentrated  on 
the  rim  of  the  tank,  and  generally  taken  as  two-thirds  of  the  whole 
load ;  that  the  supporting  columns,  owing  to  the  peculiar  layotit  of 
the  property,  have  no  relation  to  the  position  of  the  tanks,  and  that 
in  practice  some  bins  are  full  and  others  empty,  giving  eccentric 
loading,  we  see  that  the  problem  was  a  difficult  one.  The  efficiency 
of  the  construction  is  still  to  be  demonstrated.  Of  its  success  I 
have  no  question.  The  basement  floor  of  this  elevator  was  built 
for  a  live  load  of  75  pounds,  but  it  has  been  loaded  over  almost  its 
entire  surface  W'ith  from  300  to  500  pounds  per  square  foot  fre- 
quently in  seven  days  after  being  placed,  and  that  in  midwinter. 

DISCUSSION. 

Mr.  DiEiiL. — Mr.  Xeher,  will  you  give  us  a  description  of  the 
Avork  you  are  doing  at  the  Eastern  Elevator,  also  at  the  Dakota 
Elevator  ? 

Mr.  Neher. — The  property  of  the  Eastern  Elevator  is  angular, 
being  a  rhomboid  in  plan.  The  new  site  occupies  the  same  position 
as  the  old  elevator  destroyed  by  fire  in  August,  1900.  So  far  as 
possible  the  old  piles  and  masonry  piers  were  utilized.  The  piers 
were  placed  12  feet  centers  and  at  right  angles  to  each  other  and 
to  the  long  side  of  the  property.     The  old  plans  showed  16  piles 
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per  pier,  a  heavy  timber  grillage,  and  well-proportioned  stone 
piers,  stepped  up  in  uniform  courses,  with  equal  offsets.  Excava- 
tion revealed  the  fact  that  there  were  only  12  piles  per  pier,  and 
that  the  masonry  was  laid  directly  on  the  pile  heads.  Many  of 
the  piers  were  of  the  size  of  the  cap  stones,  all  the  way  down  to 
the  footing  stone.  In  80  per  cent,  of  these  piers  the  bottom 
courses  of  stone  were  badly  broken.  As  12  piles  per  pier  were  con- 
sidered insufficient,  four  more  were  added  in  each  case,  making  the 
load  on  each  pile  about  20  tons.  Where  the  old  piers  were  left 
in,  4  piles  were  driven  outside,  and  the  whole  was  surrounded  with 
concrete,  and  prevented  from  cleaving  from  the  stone  by  twisted 
steel  bars  running  around  the  piers.  In  the  cases  where  the 
stone  was  removed,  the  4  piles  were  added.  Excavation  was  ex- 
tended 3  inches  below  the  pile  heads.  One-inch  twisted  steel 
bars  were  laid  across  the  pile  heads  entirely  across  the  width  of 
the  pier  in  both  directions,  and  concrete  was  then  rammed  in  the 
forms  until  it  reached  a  point  24  inches  above  the  rods.  Above 
this,  after  thoroughly  setting,  piers  with  an  area  sufficient  to 
withstand  a  load  of  35  tons  per  square  foot  were  molded,  to  the 
height  of  the  basement  floor,  a  height  over  all  of  about  7  feet.  On 
these  piers,  columns  9  feet  high  and  33  inches  square  were  built, 
and  directly  on  these  was  placed  the  heavy  floor  36  inches  deep,  al- 
ready mentioned. 

The  President. — Were  the  piles  driven  to  the  rock? 

AIr.  Neher. — Xo,  sir.  Some  few  brought  up  on  a  hard  pan. 
Most  of  the  piles  were  driven  down  from  28  to  35  feet.  The 
hard  pan  varies  at  different  depths.  Some  of  the  piles  seemed  to 
be  broken  in  the  soil. 

Mr.  Knighton. — How  does  this  concrete  construction  com- 
pare in  price  with  the  ordinary  construction  ? 

Mr.  Neher. — Taking  the  price  of  the  materials  entering  into 
an  ordinary  wall,  I  should  say  the  Ransome  construction  was 
somewhat  more  expensive.  While  this  construction  is  not  a  sub- 
stitute for  everything,  still  I  think  for  work  such  as  we  are  doing 
at  the  Eastern  Elevator  it  is  much  better  than  the  ordinary  con- 
struction and  cheaper  than  steel. 

Mr.  Vander  Hoek. — W'hat  is  the  twisted  iron  put  in  the 
concrete  for? 

Mr.  Neher. — To  take  care  of  the  tension.  Where  there  is 
to  be  a  great  load  on  a  floor  I  do  not  think  there  is  anything 
that  will  stand  like  the  Ransome  svstem.  Before  it  was  taken  up. 
by  our  firm,  I  studied  very  thoroughly  the  matter  of  the  different 
forms   of   construction,   and    I   came   to   the   conclusion   that   this 
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was  the  best  system  for  heavy  loading.  For  instance,  at  Bayonne, 
N.  J.,  there  is  a  borax  factory,  the  floor  of  which  was  built  to 
withstand  a  pressure  of  500  pounds  per  square  foot.  There  are 
portions  of  this  floor  which  have  been  loaded  up  to  1200  and  1300 
pounds  per  square  foot. 

Mr.  \'ander  Hoek. — You  spoke  of  the  cement  briquettes  as 
breaking  at  85  tons  after  seven  days.  Were  these  l)riquettes  of  the 
ordinary  form? 

I\Ir.  Xeher. — They  were  6-inch  cubes,  and  wc  used  a  hydraulic 
jack.  I  think  in  this  case  it  was  Atlas  cement.  We  have  used 
both  Atlas  and  Lehigh,  and  have  got  about  the  same  results  from 
each.  We  sent  a  boy  to  the  mixer,  and  he  picked  out  a  batch 
just  as  it  came  from  the  mixer.  Where  we  made  tests  by  hand 
mixture  we  did  not  get  as  good  results. 

Mr.  Vander  Hoek. — You  used  Portland  in  every  case? 

Mr.  Neher. — Yes,  sir. 

Mr.  Tutton. — What  mixer  do  you  use? 

Mr.  Neher. — The  Ransome.  We  have  made  some  improve- 
ments on  it. 

Mr.  Tutton. — We  are  using  one,  but  we  have  not  made  any 
tests. 

aIr.  Neher. — The  record  made  by  us  is  146  yards  in  13 
hours,  with  the  small  mixer.  We  laid  on  an  average  41  to  42 
batches  in  10  hours.  This  could  not  be  done  if  fed  with  wheel- 
barrows. We  fed  the  machine  w'ith  a  rotating  derrick  and  dump 
buckets. 

Mr.  Rockwood. — Did  you  use  any  salt? 

Mr.  Neher. — We  ahvays  use  salt,  a  10  per  cent,  solution. 

Mr.  Rockwood. — Regardless  of  the  weather  ? 

Mr.  Neher. — Yes,  sir. 

Mr.  Vander  Hoek. — Did  you  get  the  same  results  in  winter  as 
in  summer? 

Mr.  Neher. — We  used  the  same  materials  in  summer  as  in 
winter,  but  I  do  not  think  any  man  can  say  he  got  just  exactly 
the  same  results. 

Mr.  Rockwood. — Do  you  use  hot  or  cold  water? 

Mr.  Neher. — We  use  hot  water  in  winter.  We  find  that  with 
a  10  per  cent,  solution  of  salt  in  hot  water,  the  concrete  will  not 
freeze  for  5  or  6  hours.  This  gives  us  time  to  fill  the  forms  before 
covering  them  up  and  heating  with  salamanders. 

Mr.  Norton. — Did  any  of  the  concrete  freeze? 

Mr.  Neher. — Yes,  some  little  did  freeze  on  top.  This  we 
capped  ofif. 
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Mr.  Knighton. — What  do  you  consider  the  best  method  to 
follow  in  leaving  oft'  work  where  you  expect  to  begin  next  day  ? 

Mr.  Neiikr. — So  far  as  I  am  concerned,  I  do  not  like  to  leave 
one  day's  work  uncompleted ;  but  when  we  do,  we  generally  insert 
twisted  bars  placed  vertically,  to  give  us  union  with  the  suc- 
ceeding work. 

Mr.  Knighton. — Have  you  built  any  arches  ? 

Mr.  Neher. — I  have  not.  Quite  a  number  have  been  built 
in  the  South  for  railroads. 

Mr.  Diehl. — I  would  move  you,  Mr.  President,  that  a  vote 
of  thanks  be  extended  to  Mr.  Neher  for  his  kindness  in  addressing 
us  this  evening.  Seconded  by  Mr.  Tutton.  Adopted  unanimously 
by  a  rising  vote. 
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Sherman  Kininett  Burke. 


Mkmukr  of  tiik  Engineers'  Ci.ub  of  Cincinnati. 


AIr.  iluRKE  was  born  in  Cincinnati,  Ohio,  February  17,  1872, 
where  he  attended  the  pubHc  schools  in  his  youth  and  later  was  a 
student  of  ]\It.  Auburn  Military  School  and  Franklin  Preparatory 
School. 

During  the  spring"  and  summer  of  1890  Mr.  Burke  was  em- 
ployed on  the  location  and  construction  of  the  Middletown  and- 
Cincinnati  Railroad,  of  w^hich  his  father.  Major  M.  D.  Burke,  was 
chief  engineer.  In  the  latter  part  of  the  year  Mr.  Burke  entered 
the  preparatory  department  of  the  Ohio  State  University,  and 
matriculated  with  the  class  of  1895  in  the  course  of  civil  engineer- 
ing. 

In  his  college  career  Mr.  Burke  was  a  charter  member  of 
Beta  Xu  Chapter  of  Sigma  Xu  Fraternity,  and  captain  of  Company 
D  of  the  university  battalion,  where  he  distinguished  himself  by 
winning  the  prize  sword  in  1894. 

In  June,  1894,  ]Mr.  Burke  accepted  a  situation  in  the  engineer- 
ing department  of  the  Cincinnati,  Portsmouth  and  \*irginia  Rail- 
road, under  the  direction  of  Mr.  W.  B.  Ruggles,  chief  engineer, 
where  he  remained  until  March,  1895,  when  he  entered  the  service 
of  the  Cincinnati,  Lebanon  and  Xorthern  Railway  Company  as 
engineer. 

In  June,  1895,  Mr.  Burke  entered  the  service  of  the  Penn- 
sylvania Company,  and  was  assigned  to  the  Xewport  and  Cincinnati 
bridge  corps,  under  the  direction  of  Mr.  George  U.  Engle.  Mr. 
Burke  remained  with  the  X'ewport  and  Cincinnati  bridge  corps  until 
the  completion  of  the  substructure,  after  which  he  accompanied  Air. 
Engle  to  Indiana,  where  they  were  engaged  in  survey  work,  and 
later  became  part  of  the  chief  engineer's  office  force  at  Pittsburg. 

The  energy  and  fidelity  displayed  by  Mr.  Burke  soon  attracted 
the  attention  of  the  officers  of  the  Pennsylvania  Company,  who 
evinced  their  appreciation  by  making  him  assistant  engineer  of 
maintenance  of  way  of  the  Richmond  division  of  the  Pennsylvania 
lines  July  i,  1897. 

On  July  I,  1899,  Mr.  Burke  was  transferred  to  the  Cleveland, 
Akron  and  Columbus  Railway,  of  which  he  was  made  engineer  of 
maintenance  of  w^ay  Xovember  i,  1899,  remaining  in  that  capacity 
until  his  death. 

On  October  17,  1900,  while  accompanying  the  general  man- 
ager's  inspection   party,    Mr.    Burke   received   accidental    injuries 
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which  resulted  in  his  death.  Mr.  Burke  leaves  a  widow  and 
daughter  to  mourn  their  loss,  and  a  host  of  friends  who  regret  with 
deep  feeling  that  a  promising  and  useful  career  was  cut  short  by 
his  untimely  death.  j    ^   ^^^^^^ 

J.  A,    Lilly. 


Editors  reprinting;  articles  from   this  journal   are  requested   to  credit  not  only  llie 
Journal,  but  also  the  Society   before  which   such  articles  were  read. 
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THE  SOFTENIXG  OF  FEED  WATER  FOR  BOILERS. 


By  Louis  Bendit,  ^Iember  of  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  April  3,  1901.*] 

It  certainly  is  unnecessary  in  this  advancini^  scientific  a.i^e,  and 
before  this  society,  to  prove  the  facts  that  nearly  all  waters  that  are 
found  either  in  streams  or  beneath  the  surface  of  the  earth  are  im- 
pure or  that  water  purification  is  essential,  whether  for  dietetic  or 
manufacturing  purposes.    This  is  conceded  by  every  engineer. 

In  this  paper  we  shall  consider  only  the  best  method  for  the 
treatment  of  feed  water  for  boilers. 

All  natural  water  contains  two  classes  of  impurities,  viz.,  or- 
ganic and  inorganic,  either  in  suspension  or  in  solution.  The  or- 
ganic impurities  are  of  vegetable  and  animal  origin,  and  are  taken 
up  either  in  flowing  over  the  ground  or  by  direct  contamination, 
such  as  the  addition  of  sewage  from  cities  or  refuse  from  manu- 
facturing concerns.  This  evening  we  shall  consider  only  the  solu- 
ble inorganic  or  mineral  impurities,  for  it  is  these  which  give  trouble 
and  cause  expense  when  the  water  is  used  in  steam  boilers. 

The  mineral  impurities  in  solution  are  the  lime,  magnesia,  soda 
and  potash  in  combination  with  carbonic,  sulphuric  or  hydro- 
chloric acids,  with  iron,  generally  as  a  bicarbonate,  and  a  small 
amount  of  silica. 

The  soluble  lime  and  magnesia  are  the  impurities  which  make 
water  hard.  The  hardness  of  water  is  measured  in  degrees,  as 
parts  per  thousand,  or  in  grains  per  gallon.     All  salts  of  lime  and 

*Manuscript  received  May  27,  1901. — Secretary,  Ass'n  of  Eng.  Sees. 
27 


286  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

magnesia  are  figured  to  their  chemical  equivalent  of  lime  carbonate, 
and  each  part  per  100,000  is  called  a  degree  of  hardness.  Thus,  we 
say  a  water  has  a  hardness  of  10  or  50,  as  the  case  may  be,  meaning 
that  when  all  lime  and  magnesia  salts  are  figured  to  the  lime  car- 
bonate, the  water  contains  10  or  50  parts  per  100,000.  The  hard- 
ness of  water  may  be  measured  in  a  very  simple  manner  by  means 
of  a  standard  solution  of  soap  in  alcohol,  the  strength  of  the  solution 
being"  tested  by  means  of  a  solution  of  calcium  chloride  of  known 
strength.  Soap  will  not  lather  or  form  suds  with  water  until  all  the 
lime  and  magnesia  are  precipitated,  for  the  principal  action  of  soap 
is  that  of  softening  water,  and,  in  making  the  test,  we  take  ad- 
vantage of  this  fact  by  adding  the  standard  soap  solution  to  known 
volume  of  water,  until  a  permanent  lather  is  formed. 

A  part  of  the  carbonates  of  lime  and  magnesia  may  be  removed 
from  water  by  boiling,  also  a  portion  of  the  lime  sulphate,  if  it  is 
present  in  considerable  amount.  The  number  of  degrees  of  hard- 
ness removed  by  boiling  is  called  temporary  hardness ;  that  remain- 
ing, permanent  hardness.  From  this  it  will  be  readily  seen  why 
exhaust  steam  heaters  fail  to  complete  the  work,  for,  at  best,  they 
can  remove  only  the  temporary  hardness,  leaving  chlorides,  nitrates 
and  the  greater  proportion  of  the  sulphates  to  pass  on  into  the 
boiler,  where  scaling  and  corrosion  take  place.  Of  course  it  is 
impossible  to  use  an  exhaust  steam  heater  to  purify  water  in  con- 
densing plants.  When  hard  water  is  used  in  steam  boilers,  the  heat 
drives  off  the  carbonic  acid,  precipitating  the  carbonates  of  lime  and 
magnesia.  This  takes  place  at  212°  F.  for  an  interval  of  two  or 
three  hours. 

Furthermore,  the  continual  evaporation  of  water  in  a  boiler 
concentrates  the  impurities,  until  finally  a  point  of  saturation  is 
reached.  This,  combined  with  the  heat  of  the  high-pressure  steam, 
causes  a  precipitation  of  the  sulphates  of  lime  and  magnesia  to- 
gether with  some  of  the  more  soluble  impurities. 

These  are  called  the  scale-forming  impurities,  because  a  crust 
or  scale  forms  or  accumulates  wherever  the  hot  water  comes  in 
contact  with  the  metal.  This  scale  is  built  up  of  thin  layers  of  pre- 
cipitated lime,  magnesia,  silica  and  iron.  On  the  inside  of  the 
boilers  it  covers  the  tubes  and  plates,  generally  being  thickest  where 
the  circulation  of  the  water  is  least. 

The  consequences  are  generally  serious,  because  the  scale  is 
a  non-conductor  of  heat ;  carbonates  of  magnesia  having  a  rela- 
tive value  of  from  0.67  to  0.76  as  non-conducting  materials  (felt  or 
wood  being  taken  as  i).  It  is  claimed  that  the  conducting  power 
of  iron  is  about  thirtv  times  that  of  saturated  scales. 
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While  it  is  true  that  the  well-known  "Tables  of  Loss  of  Fuel 
Due  to  Scale,"  printed  and  circulated  by  manufacturers  of  scale 
preventatives,  are  very  much  exag.c^eratcd  and  probably  entirely  in- 
correct, still  it  has  been  proved  by  practical  experiments  that  a 
metal  is  heated  to  much  hic^hcr  temperature  in  boiling  water  if  it 
h.  covered  with  a  non-conducting  material  than  if  the  metal  is  clean. 

If  a  boiler  is  heavily  incrusted  with  lime,  there  is  great 
danger  of  overheating  the  metal,  because  the  water  is  not  in  im- 
mediate contact  with  the  steel  and  cannot  carry  off  or  absorb  the 
heat  from  the  plates.  The  boiler,  being  under  pressure,  the  over- 
heating of  the  metal  results  in  a  stretching  of  the  plate,  forming  a 
"bag,"  or  the  metal  may  blister  and  crystallize,  and  this  will  very 
much  reduce  its  tensile  strength,  rendering  the  boiler  unsafe. 

This  means  that  repairs  are  necessary.  Even  in  cases  where 
the  metal  does  not  get  hot  enough  to  bag  or  blister,  it  expands  un- 
equally, destroying  the  scams  and  joints  between  the  several  parts 
of  the  boiler,  thus  causing  leaks,  which  in  time  become  serious 
enough  to  put  the  boiler  out  of  use. 

Even  where  no  disastrous  results  follow,  much  labor  upon  the 
part  of  the  engineer  in  charge  is  necessary  to  keep  the  scale  from 
accumulating.  The  scale  is  usually  very  hard,  and  can  be  removed 
only  after  considerable  hard  work.  The  continual  hammering  and 
chipping  necessary  for  this  is  injurious  to  the  metal,  and,  even  if  the 
cleaner's  intentions  are  the  best,  it  is  impossible  to  reach  and  clean 
all  parts  of  the  return  tubular  boiler. 

HEATERS  AND  MECHANICAL  PURIFIERS. 

The  boilers  are  not  the  only  part  of  the  steam-generating 
plant  affected  by  the  impurities  of  the  water.  A  deposit  of  a  part 
of  the  carbonates  of  lime,  magnesia  and  iron  takes  place  as  soon  as 
the  temperature  begins  to  rise,  w^hich  is  when  the  water  reaches  the 
exhaust  steam  heaters.  The  first  heaters  built  consisted  of  a  coil  or 
a  number  of  pipes  enclosed  in  a  metal  housing.  The  water  was 
pumped  through  the  inside  of  the  pipe,  and  the  exhaust  steam  in 
the  chambers  surrounding  it  heated  the  water.  Used  in  places 
where  the  water  contained  only  a  small  amount  of  lime  and  mag- 
nesia carbonates,  no  trouble  was  experienced ;  but  when  this  type  of 
heaters  was  tried  to  heat  waters  containing  a  large  amount  of 
lime  carbonates,  as  do  our  western  waters,  these  heaters  were  ren- 
dered useless  in  a  very  short  time.  The  water  passages  through 
the  pipe  became  clogged,  and  no  water  could  be  forced  into  the 
boiler. 

Because  of  the  fact  that  the  carbonates  are  partially  precipi- 
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tated  by  the  heat  of  the  exhaust  steam,  heater  manufacturers  have 
called  their  exhaust  steam  heaters  "purifiers,"  and  have  so  modified 
them  that  they  can  be  readily  cleaned. 

The  same  trouble  arises  in  plants  using  economizers,  or  heaters 
through  which  the  water  passes  after  it  leaves  the  exhaust  steam 
heaters  and  before  it  reaches  the  boilers.  These  get  their  heat  from 
the  waste  gases  of  the  furnaces,  and  it  is  very  important  that  their 
surfaces  be  cleaned  and  kept  so,  without  involving  great  labor  and 
expense. 

The  exhaust  steam  heater,  as  purifier,"  has  helped  the  trou- 
ble only  in  part,  because  the  sulphates,  which  form  the  hardest  scale, 
are  not  precipitated  at  all  at  the  comparatively  low  temperature  of 
the  water  from  an  exhaust  steam  heater ;  for  that  reason  they  pass 
on  to  the  boiler  and  collect  on  its  surfaces.  To  remedy  this,  a 
second  tank,  like  a  boiler,  filled  full  of  pans  or  shelves  and  heated 
with  live  steam  from  the  boiler,  is  tried. 

Into  this  receptacle  all  the  water  passes  before  it  finally  reaches 
the  boiler.  By  carrying  this  heater  at  boiler  pressure,  the  water 
becomes  hot  enough  to  start  the  precipitation  of  its  sulphates.  This 
is  not  an  instantaneous  process,  but  a  gradual  one,  and  it  continues 
after  the  water  has  reached  the  boiler.  Of  course  the  efficiency,  in 
all  mechanical  purifiers  depending  upon  heat,  is  proportional  to  the 
length  of  time  during  which  water  is  subjected  to  the  heating  or 
purifying  process.  In  practice  the  water  is  never  thoroughly  puri- 
fied in  exhaust  or  live  steam  purifiers,  because  the  heater  is  usually 
so  small  that  the  water  passes  through  it  in  too  short  a  time  to  com- 
plete the  precipitating  process. 

Sulphate  of  lime  is  said  to  be  completely  insoluble  at  tempera- 
tures above  300°.  This  is  true,  provided  there  is  a  certain  amount 
of  it  in  the  water. 

Analyses  of  water  from  the  blow-off  valves  of  boilers  show  that 
the  sulphate  of  lime  in  solution  is  as  high  as  25  grains  per  gallon, 
even  when  the  temperature  is  far  above  300°.  From  this  it  is  evident 
that  it  is  due  to  the  concentration  as  well  as  the  heat  that  the  sul- 
phate of  lime  precipitates  in  the  boilers,  forming  scale.  Concen- 
tration does  not  take  place  either  in  exhaust  or  in  live  steam  heaters. 

The  introduction  of  soda  ash  into  the  feed  water  in  an  open 
heater  has  been  tried,  and,  where  the  character  of  the  water  is  not 
bad,  this  method  has  helped  somewhat ;  but  where  the  water  con- 
tains the  average  amount  of  imjun-ities,  it  is  of  little  or  no  advan- 
tage, and,  as  far  as  we  can  discern,  the  soda  ash  might  just  as  well 
be  fed  to  the  boiler  direct,  for  the  average  heater  is  so  small  that  it 
is  impossible  for  the  precipitation  to  be  completed  then. 
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To  sliow  that  this  is  true,  wc  will  take  water  of  an  average 
condition,  say  14  i^rains  of  carbonate  of  lime  to  the  gallon,  and  looo 
horse  power  hoikr  \)hun  evaporating  100,000  gallons  of  water  in 
twenty-four  hours  for  a  six-days'  run.  That  means  ahcnit  7,500,000 
grains  or  1000  pounds,  or  5  barrels,  of  carlxMiatr  of  lime.  Of 
course,  no  1000  horse  power  heater  ever  had  that  {|naiuity  of  residue 
in  it  at  one  time,  because  it  cannot  get  all  the  lime  of  the  water 
in  that  way ;  and.  were  the  heater  allowed  to  run  long  enough  to 
accunmlate  tliat  aninunt,  ii  would  become  clogged  so  that  the  water 
could  find  no  egress  to  the  feed  pump. 

Except  in  the  case  of  waters  low  in  scale-forming  matter,  this 
method  is  attended  willi  man\-  obiections. 


Water-Softening  and  Purifying  Plant,  Clark's  Process. 

At  the  Crawford,  McGregor  &  Canby  Company's  Works,  Dayton,  O. 


First.  There  is  the  mechanical  problem  of  disposing  of  the  vol- 
uminous precipitate  which  hard  waters  give  up  when  they  are  prop- 
erly treated. 

Note  the  above  that  even  14  grains  of  carbonates  per  gallon 
mean  1000  pounds  at  tlie  end  of  a  week's  run  of  a  1000  horse  power 
plant,  and  this  does  not  include  the  sulphates  or  chloride  precipi- 
tated by  the  soda  ash. 

Second.  The  heater,  of  course,  can  be  cleaned  advantageously 
only  when  the  plant  is  shut  down.  Carbonates  precipitated  by  heat 
cannot  be  blown  from  a  pipe,  as  can  those  precipitated  by  a  chemical 
treatment. 
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Third.  The  purifiers  operate  upon  the  continuous  process  plan, 
feeding  a  soda-ash  solution  into  the  raw  water ;  the  result  is  that 
the  feed  pump  fills  with  precipitated  lime,  and  this  either  decreases 
the  supply  or  shuts  it  off  completely.  If  larger  feed  pipes  are  used, 
too  much  ash  goes  to  the  boiler,  and  the  water  foams.  The  aver- 
age engineer  has  too  much  to  do  to  nurse  the  feeds,  so  that  they 
are  out  of  order  about  half  the  time,  and  no  better  results  are  ob- 
tained than  with  a  plain  exhaust  heater. 

In  the  above-mentioned  looo  horse  power  installation,  with  the 
use  of  a  water-softening  plant  of  the  interniittent  type,  the  cost  of 
precipitating  the  carbonate  of  lime  would  be  less  than  $2.50  per  week, 
which  certainly  is  much  less  than  the  expense  of  removing  1000 
pounds  of  lime  from  an  open  heater,  to  say  nothing  of  the  important 
fact  that  the  open  heater  would  fail  to  accomplish  the  desideratum, 
whereas  the  water-softening  plant  would  accomplish  it. 

Innumerable  other  mechanical  devices  have  been  tried  to  over- 
come this  trouble,  such  as  skimmers,  surface  blow-off,  etc.  Not- 
v/ithstanding  all  these  eft'orts,  scale  continued  to  form  on  the  plates 
and  the  tubes  of  boilers.  There  seemed  to  be  another  way,  and 
that  was  to  supply  to  the  hot  water  in  the  boiler  itself  a  remedy 
which  would  keep  the  scale  from  hardening. 

BOILER    COMPOUNDS. 

Mixtures  known  as  "boiler  compounds"  have  been  used  for 
years.  These  are  generally  composed  of  soda  in  combination  with 
seme  organic  acid,  such  as  tannic  acid,  acetic  acid,  etc.  All  of  these 
acids  are  said  to  corrode  the  metal  and  to  be  positively  injurious  to 
the  boiler.  Almost  everything  has,  at  one  time  or  another,  been 
put  into  a  boiler  to  keep  the  scale  soft,  such  as  oak  bark  and  shav- 
ings, because  of  the  tannic  acid  they  contain ;  distillery  slops,  on  ac- 
count of  their  acetic  acid  ;  potatoes, corn, etc.,  for  their  starch,  leather, 
slippery  elm  and  manure,  for  the  gelatinous  matter ;  molasses  and 
sugar,  because  of  the  saccharates  of  lime  formed.  Innumerable 
other  substances  have  been  used  without  judgment  or  reason. 

Prof.  Robt.  H.  Thurston,  in  his  "Manual  of  Steam  Boilers," 
page  463,  says  that  logwood,  hemlock  and  other  woods  are  some- 
time employed,  but  are  apt  to  injure  the  iron  of  the  boilers,  as  may 
acetic  or  other  acids  contained  in  the  various  saccharine  matters, 
which  also  make  the  lime  sulphate  scale  more  troublesome  than 
when  clean.     Organic  matter  should  never  be  used. 

From  a  chemical  standpoint  the  most  efficient  boiler  com- 
pounds are  trisodium  phosphate  and  fluoride  of  sodium.  With 
these,  when  the  water  is  heated,  both  carbonates  and  sulphates  of 
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lime  and  magnesia  are  precipitated  aai  phosphates  or  fluorides,  which 
do  not  harden  upon  the  tuhcs  and  sliell.  The  principal  objection 
to  them  is  the  cost  of  using  them  in  quantities  sufficient  to  remove 
enough  of  the  scale-forming  matter  to  be  of  benefit.  There  are 
two  reasons  why  they  are  expensive.  The  chemical  equivalent  of 
these  compounds  makes  it  necessary  to  use  one  pound  of  trisodium 
phosphate  to  precipitate  either  0.9  pound  of  carbonate  of  lime,  or 
0.77  pound  of  carbonate  of  magnesia.  One  pound  of  fluoride  of 
sodium  is  required  to  precipitate  1.19  pounds  of  lime  carbonates  or 
1.6  pounds  of  lime  sulphates;  and  its  cost,  at  present  writing 
(1901).  is  about  two  and  one-half  times  as  much  as  that  of  the  tri- 
sodium phosphate. 

One  pound  of  caustic  lime  will  precipitate  1.78  pounds  of  lime 
carbonate,  or  nearly  twice  as  much  as  will  trisodium  phosphate, 
while  its  cost  per  pound  is  about  one-eighteenth  as  much,  or  it  will 
remove  one  and  one-half  times  as  much  carbonate  of  lime  as  will 
fluoride  of  sodium,  which  costs  about  forty  times  as  much  per 
pound. 

Therefore,  with  the  same  expenditure  of  money,  caustic  lime 
will  precipitate  about  thirty-six  times  as  much  carbonate  of  lime  as 
will  trisodium  phosphate,  and  about  sixty  times  as  much  as  will 
fluoride  of  sodium. 

Because  of  the  cost,  the  amount  of  either  trisodium  phosphate 
or  fluoride  of  sodium  put  in  boilers  is  but  a  small  percentage  of 
the  true  amount  necessary  for  complete  precipitation  of  the  scale- 
forming  matter.  That  part  which  is  converted  into  a  phosphate  or 
fluoride  of  lime  or  magnesia,  mixes  with  the  heat-precipitated  car- 
bonates, and  mechanically  prevents  them  from  getting  very  hard, 
although  they  do  not  or  cannot  prevent  the  remainder  of  the  lime 
carbonates  from  precipitating  by  heat. 

Another  reason  why  the  large  amount  of  these  compounds 
necessary  for  complete  precipitation  cannot  be  used  is  because  too 
frequent  blowing  oflf  is  required  in  order  to  prevent  the  water  in 
the  boilers  from  becoming  saturated  with  soda  by  the  continual  con- 
centration of  the  impurities  and  the  continual  addition  of  the  com- 
pound. 

The  vegetable  boiler  compounds  consist  of  sugar  and  tannins 
mixed  with  slippery  elm  or  powdered  wood  pulp  to  furnish  a  soluble 
starchy  substance.  The  tannins  convert  the  carbonates  into  sac- 
charates,  which  are  blown  out.  One  pound  of  tannic  acid  is  re- 
quired to  precipitate  one-seventh  of  a  pound  of  carbonate  of  lime, 
and  one  pound  of  saccharic  acid  will  preciintate  about  five-eighth  of 
a  pound  of  sulphate  of  lime. 


292  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Comparing-  these  chemical  compounds  with  a  proper  water- 
softening  treatment,  it  is  readily  seen  what  a  large  amount  of  wholly 
unnecessary  foreign  matter  must  be  put  into  a  boiler  in  order  to 
form  a  small  amount  of  lime  sludge  which  will  not  harden  on  the 
tubes  and  plates,  even  if  no  other  objections  arose. 

It  should  be  clear  to  anyone  why  boiler  compounds  fail  to 
keep  a  boiler  free  from  scale  except  in  waters  containing  a  very 
small  amount  of  incrustating  solids,  such  as  some  surface  waters 
from  rivers,  lakes,  ponds,  etc. 

Kerosene  oil,  which  is  used  extensively,  is  entirely  mechanical 
in  its  operation.  It  does  not  convert  any  of  the  scale-forming 
material  into  a  non-hardening  condition,  because  there  is  no  chemi- 
cal change ;  but  owing  to  its  light,  volatile  nature,  it  penetrates  a 
porous  scale  and  tends  to  disintegrate  it.  When  the  boiler  is  cold, 
the  rotten  scale  partially  breaks  off  from  the  metal,  and  is  removed 
when  the  boiler  is  opened.  It  is  the  appearance  of  the  rotten  scale 
which  makes  it  seem  as  if  the  boiler  must  be  clean,  whereas  actually 
they  are  quite  dirty,  for  but  a  small  portion  of  the  total  amount  has 
been  removed.  The  volatile  nature  of  this  material  prevents  its 
use  in  any  place  where  a  pure  steam  is  required,  and  it  should  never 
be  used  where  a  steam-heating  apparatus  is  employed,  because  the 
volatile  hydrocarbon  distilled  causes  leaks  at  joints,  fittings  and 
valves. 

WATER  SOFTENING. 

The  process  known  as  water  softening,  based  upon  the  exact 
quantity  and  chemical  character  of  the  impurities,  offers  the  relief 
desired.  It  is  a  method  based  upon  accurate  chemical  knowledge, 
and  it  does  not  depend  upon  the  change  or  imagination  of  any  man 
to  prove  its  efficiency.  A  chemical  process  involves  an  expense 
due  to  the  reagents  used ;  therefore,  in  order  to  keep  down  the  cost 
to  a  minimum,  only  the  cheapest  and  most  efficient  reagents  can  be 
employed. 

The  Clark  process  of  precipitating  carbonates  of  lime  and  mag- 
nesia by  means  of  caustic  lime  is  undoubtedlv  the  cheapest  chemical 
method ;  that,  combined  with  soda-ash  treatment  for  the  sulphates 
and  chlorides,  makes  it  possible  to  get  a  clear  feed  water  low 
enough  in  scale-forming  to  fulfill  all  requirements. 

True  water  softening  is  an  exact  process.  By  this  is  meant 
that  the  exact  amount  of  caustic  lime  must  be  put  into  the  water  to 
remove  all  the  carbonates  of  lime  and  magnesia  present;  and. the 
exact  amount  of  soda  ash  used  to  decompose  all  the  sulphate  of  lime 
and  chloride  of  ma2:nesia.     No  more,  no  less. 
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If  it  is  desired  to  run  at  the  lowest  possible  cost  for  operation, 
the  method  of  treating-  the  water  and  the  apparatus  used  must 
be  so  simple  that  a  man  can  operate  it  who  has  no  knowledge  of 
chemistry,  and  of  whom  nothing  but  mechanical  work  is  required. 

The  apparatus  which  has  been  designed  to  accomplish  this  may 
be  divided  into  two  classes,  viz.,  the  intermittent  and  the  continuous. 

The  apparatus  designed  for  the  continuous  process  consists 
usually  of  a  steel  settling  tank,  in  which  the  water,  after  the  addi- 
tion of  lime  and  soda  water,  is  made  to  flow  through  spaces  between 
series  of  intercepting  plates  in  order  to  effect  a  mixture  of  the 
reagents  with  the  water,  wdiich  then  passes  to  the  bottom  of  the  tank 
through  a  pipe,  and  thence  rises  again  nearly  to  the  top,  where  it 
overflows  in  a  continuous  stream. 

Exact  and  uniform  treatment  is  diflicult  to  obtain,  especially  in 
our  turbid  western  waters. 

First.  Because  the  amount  of  caustic  lime  or  of  soda  ash  dis- 
solved in  a  gallon  of  solution  may  vary. 

Second.  Because  the  change  of  pressure  may  vary  the  amount 
of  raw  water  supply,  changing  the  whole  character  of  the  effluent. 

Third.  Because  it  is  a  difficult  matter  to  keep  uniform  the 
amount  of  the  chemical  solution  flowing  through  the  small  orifice 
into  the  raw  water. 

Fourth.  The  interior  pipes  or  openings  are  likely  to  become 
incrusted,  causing  a  variation  which  effects  the  results. 

Fifth.  Because  no  machine  yet  built  will  regulate  the  amount 
of  lime  and  soda  in  the  same  proportion  as  the  amount  of  raw  water 
flowing  through  the  machine,  when  the  demands  are  irregular.  At 
certain  hours  of  the  day  (during  the  peak  of  the  load)  the  demand 
for  feed  water  is  often  triple  that  of  other  times. 

The  intermittent  system  consists  of  two  or  more  settling  tanks, 
provided  with  agitators  in  order  to  thoroughly  mix  the  lime  and 
soda  with  the  water  in  one  tank,  after  which  the  water  is  allowed 
to  settle  while  the  water  in  the  other  is  being  treated  or  being  drawn 
from  it.  For  drawing  off  the  clear  water,  use  is  made  of  a  pipe  on 
a  movable  joint  near  the  bottom  of  the  tank,  its  other  end  being  sup- 
ported near  the  surface  by  a  float.  By  this  means  clear  water  may 
be  drawn  by  the  time  the  precipitate  has  settled  a  few  feet.  In  this 
machine  water  can  be  softened  with  great  accuracy  and  uniformity. 

This  plan  is  the  original  one,  and  for  certain  demands  is  the 
cheapest.  The  principal  objection  to  it  is  the  ground  room  it 
occupies.  The  necessity  for  using  very  large  tanks  has  been  over- 
come by  using  a  filter  to  mechanically  remove  the  floating  lime 
sludge,  which  does  not  completely  settle  in  the  time  allowed  in  small 
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tanks.  This  plan  is  in  no  sense  an  obsolete  one.  tor  plants  are  being 
installed  at  the  present  time  in  luigiand  and  in  this  conntry  among 
the  largest  niannfaetnring  eoneerns,  and  for  use  in  eity  w  ater  works. 
To  some  the  settling-tank  plant  may  seem  enule  in  comparison 
with  the  more  elaborate  plants  working  npon  the  eontinnous  pro- 
cess. The  expensive  continnons  water-softening  plants  are  not  nec- 
essary for  good  softening,  and  generally  they  are  more  ditficnlt  for 
the  average  man  to  operate  satisfactorily. 

On  acconnt  of  the  expense  of  installing  the  plant,  the  continn- 
ons process  is  the  only  method  which  can  be  used  where  very  large 
qnantities  of  water  arc  to  be  sot'toned  :  that  is.  in  plants  furnishing 
two  million  gallons  a  day  or  more.  In  order  to  get  satisfactory 
resnlts  from  a  continuous  process  water-softening  plant,  it  should 
be  in  charge  of  a  man  who  is  expert  in  handling  such  apparatus,  or 
where  the  services  of  a  chemist  are  constantly  available. 

Among  the  many  advantages  of  the  imermittent  settling-tank 
plant  are : 

First.     The  absence  of  automatic  chemical  feeds. 

Second.  It  can  be  operated  by  the  engineer  or  his  assistant. 
without  interfering  with  their  regular  work. 

Third.  A  constant  quantity  of  raw  water  is  collected,  to  be 
treated  with  a  uniform  amount  of  chemical  reagents.  By  this  plan 
an  excess  or  insut^ciency  of  chemicals  is  avoided,  and,  therefore,  a 
unifonn  character  of  softened  water  is  furnished,  while  the  sim- 
plicity of  the  apparatus  enables  an  unskilled  workman  to  obtain  as 
good  results  as  an  expert  chemist. 

Fourth.  The  mechanical  stirring,  resulting  in  an  agitation  of 
raw  water  with  the  chemicals,  insures  an  intimate  mixture,  and 
very  materially  hastens  and  soon  completes  the  chemical  reaction. 

Fifth.  The  sludge  of  previotis  ptiritication,  which  has  settled 
to  the  bottom  of  the  tanks,  is  mixed  with  the  water  by  the  action 
of  the  mechanical  stirring  device.  This  insoluble  matter,  moving 
in  the  water,  gathers  together  the  new.  tinely  divided  precipitate  of 
lime  and  magnesia.  This  aids  the  chemical  reaction,  and  hastens 
tiie  settling  and  clarifying  of  the  water. 

Sixth.  The  sludge,  collected  in  the  settling  tanks,  relieves  the 
tilter  beds,  so  a  filter  can  be  run  live  or  six  times  as  long  without 
cleaning  as  wotild  be  the  case  were  all  sludge  intercepted  by  the 
tihers. 

Seventh.  Inasmuch  as  these  settling  tanks  do  not  usually 
require  washing  or  emptying  oftener  than  once  a  week,  the  account 
of  waste  water,  required  for  cleaning  or  removing  of  sludge,  is  a 
very  small  percentage  of  the  total  amount  pnritied. 
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Eij^'hth.  'Jhc  water  must  stand  for  some  time  in  order  to  get 
a  complete  chemical  reaction  between  the  soluble  impurities  of  the 
water  anrl  the  chemicals  added  to  it.     Every  rh<'mist  imderstands 


that  no  chemical  reaction  is  instantaneous.  If  the  lime  and  mag- 
nesia are  not  completely  removed  in  the  purifying  apparatus,  they 
are  sure  to  precipitate  in  the  pipes,  heaters  and  boilers. 
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Ninth.  The  perfect  quiet  of  the  water  gives  an  opportunity 
for  complete  settling-,  and  renders  the  unfiltered  water  clearer  than 
that  from  any  other  apparatus  not  using  filters,  or  that  from  exhaust 
steam  heaters  in  which  crude  filters  are  placed. 

Tenth.  The  operation  of  this  apparatus  is  the  method  fol- 
lowed by  a  chemist  in  a  laboratory,  but  on  a  larger  scale  and  with 
minor  modifications  to  suit  conditions. 

Eleventh.  This  arrangement  of  two  settling  tanks  permits  an 
accurate  daily  record  to  be  kept  of  the  amount  of  the  water  evap- 
orated in  the  boilers.  This  feature  will  be  appreciated  by  careful 
and  economical  managers  of  large  steam  plants  who  are  watching 
their  coal  piles. 

The  tanks  are  made  of  wood,  brick  or  steel  plates,  and  'are  gen- 
erally cylindrical.  The  size  of  these  reservoirs  depends  upon  the 
quantity  of  water  required  per  24  hours,  and  the  condition  under 
which  they  are  operated. 

For  plants  requiring  up  to  4000  gallons  per  hour,  we  advocate 
two  tanks,  each  having  a  capacity  equal  to  six  hours'  supply.  In 
plants  with  8000  gallons  per  hour,  we  use  two  tanks,  each  having 
four  hours'  supply,  and  in  all  sizes  above  8000  gallons  hourly 
capacity,  we  use  two  tanks,  each  having  a  two  hours'  supply. 

The  two-hour  tanks  require  more  frequent  attention,  but  these 
may  be  placed  in  charge  of  a  boy,  who  can  operate  them,  under  the 
supervision  of  the  chief  engineer,  with  as  good  results  as  a  man. 

They  are  filled  alternately  with  hard  water.  The  chemical 
reagents  are  mixed  in  a  small  tank  placed  upon  the  top  of  the 
settling  tanks,  and  are  washed  into  the  water  while  the  tank  is  fill- 
ing. A  mechanical  stirring  device,  consisting  of  a  paddle  revolved 
by  suitable  gearing,  and  operated  by  hand  or  liquid  power,  depend- 
ing upon  the  size,  mixes  the  hard  water  and  the  reagents  together, 
at  the  same  time  stirring  up  from  the  bottom  the  lime  sludge  of  the 
previous  purification.  This  floats  in  the  water,  hastening  the  chem- 
ical reaction,  and  causes  the  new,  finely  divided  carbonate  of  lime 
precipitate  to  gather  into  large  flocculent  or  woolly  flakes,  heavy 
enough  to  settle  quickly  as  soon  as  the  water  stops  moving. 

This  paddle-stirring  device  is  the  simplest  and  the  cheapest  in 
the  market.  With  reasonable  care  it  cannot  get  out  of  order ;  it 
does  not  have  to  be  cleaned  to  keep  it  in  working  condition,  and 
does  not  require  a  large  quantity  of  high-pressure  steam  to  operate 
it.  It  should  be  run  by  a 'belt,  carried  from  a  shaft  in  the  build- 
ing, or  by  a  small,  independent  steam  engine  or  electric  motor. 

The  power  required  varies  from  i  to  3  horse  power,  so  that  the 
amount  of  steam  consumed  for  this  power  is  extremely  small.     By 
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exhausting:  the  steam  from  the  stirring  eng^ine  into  the  coil  pipe  in 
the  settHng  tank,  the  water  becomes  sHglitly  heated.  In  cold 
weather  this  prevents  it  from  freezing,  and  at  all  times  hastens  the 
chemical  reaction. 

The  softened  water  is  taken  out  of  the  tank  by  means  of  a 
hinged,  floating  outlet  pipe,  arranged  to  rise  and  fall  with  the  level 
of  the  water,  so  that  the  clearest  water  is  drawn  from  the  top  of  the 
tank.  By  this  arrangement  a  deep  tank  has  all  the  advantage  of 
a  shallow  one  as  a  settling  basin,  because  the  water  from  the  top 
carries  the  least  amount  of  floating  lime  sludge  into  the  filter  beds, 
and  in  that  way  the  filters  can  run  the  longest  possible  time  without 
being  cleaned,  the  time  varying  from  three  to  seven  days. 

Inlet  connections,  through  wdiich  to  fill  the  tanks  and  wash  the 
pipe  connections,  and  to  wash  lime  sludge  from  tanks,  are  placed 
in  the  bottom. 

The  washing  of  the  settling  tanks  needs  only  to  be  done  when 
the  lime  sludge  becomes  deep  enough  to  interfere  with  the  settling. 
The  lime,  once  precipitated,  does  not  redissolve  in  water.  These 
tanks  are  cleaned  once  in  four  to  six  days,  depending  upon  the 
amount  of  sludge  collected.  All  Ihat  is  necessary  is  to  open  the 
wash  valve  and  start  the  stirring  device  to  mix  up  the  lime  sludge, 
which  is  soft  enough  to  run  readily  through  pipe. 

In  small  plants  the  sheet-iron  chemical  tank  is  placed  on  top  of 
the  settling  reservoirs ;  in  large  tanks,  at  the  bottom.  In  the  latter 
case,  a  small  centrifugal  pump  is  used  to  pump  the  chemical  solu- 
tion into  the  tanks. 

By  using  this  simple  plan,  the  chemicals  are  partially  mixed 
with  the  hard  water.  The  mixture  is  completed  by  the  revolving 
paddles  of  the  stirring  device,  which  is  started  as  soon  as  the  filling 
of  the  tanks  begins,  and  runs  until  the  tank  is  full. 

When  pressure  filters  are  used,  the  settling  tanks  are  placed 
about  three  feet  above  the  ground,  but  when  open  or  gravity  filters 
are  used,  the  tanks  are  elevated  about  eight  feet  above  the  ground, 
or  the  filters  must  be  lowered  to  allow  water  to  flow  into  them  from 
the  settling  tanks  by  gravity. 

The  instructions  given  for  operating  these  plants  are  extremely 
simple,  so  that  any  man  of  average  intelligence  has  no  difticulty 
in  understanding  and  using  them. 

When  an  old  boiler  is  first  fed  with  softened  water,  it  must  be 
opened  every  week  until  the  old  heavy  scale  is  removed,  otherwise 
there  is  great  danger  of  the  loose  scale  collecting  on  the  fire  sheets 
and  burning  the  iron  or  causing  a  bag. 
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The  water  does  not  foam,  provided  the  blow-off  cock  is  used 
regularly,  thus  preventing  a  concentration  of  those  impurities  which 
cannot  be  removed  by  any  purifying  process  or  apparatus.  The 
water  has  a  less  tendency  to  pit  or  corrode  the  metal  than  hard 
water,  and  a  very  small  amount  of  combined  carbonic  acid.  Its 
mineral  acids,  hydrochloric  and  sulphuric,  are  combined  with  soda, 
for  which  they  have  a  strong  affinity.  The  water  is  either  slightly 
alkaline  or  neutral,  but  never  acid. 

This  apparatus  will  render  the  most  turbid  waters  clear, 
because  the  large  amount  of  sediment  found  in  some  waters,  which 
is  so  difficult  to  filter  by  a  continuous-process  plant,  is,  in  this 
apparatus,  the  means  by  which  the  water  is  cleared.  That  is,  the 
mud  or  sludge  of  previous  purification  helps  to  remove  that  of 
the  new  raw  water,  and  at  the  same  time  it  does  not  deposit  on  the 
filter  beds,  and  thus  necessitate  frequent  washing. 

TESTING    THE    WATER. 

Careful  chemical  analyses  have  shown  that  all  waters  vary  in 
the  amount  of  mineral  impurities  at  different  seasons  of  the  year. 
This  is  especially  true  of  surface  waters  from  rivers,  lakes,  etc., 
but  even  upon  waters  from  deep  wells,  the  amount  of  rainfall  has 
a  marked  influence. 

For  this  reason,  and  also  because  the  tanks  may  be  filled  to 
different  levels,  it  is  necessary  to  test  the  water  in  order  to  deter- 
mine whether  the  correct  amount  of  caustic  lime  is  added  to  the 
hard  water.  To  do  this,  two  chemical  solutions  are  used :  one  to 
show  when  not  enough  caustic  lime  has  been  added ;  one  to  show 
when  an  excess  has  been  used. 

We  have  proved  by  experience  that  there  is  no  difficulty  at  all 
in  the  successful  use  of  these  test  solutions  on  the  part  of  any  care- 
ful and  reasonably  intelligent  man*.  The  change  of  water  is  not  a 
daily  one,  but  rather  one  that  takes  place  from  week  to  week,  and, 
by  testing  the  water  once  every  day  or  two,  it  can  be  kept  uniformly 
satisfactory. 

There  is  no  satisfactory  test  that  can  be  employed  outside  of 
a  laboratory  to  determine  the  correct  amount  of  soda  ash,  but  a 
slight  excess  of  soda  ash  is  not  objectionable,  but  rather  beneficial 
for  water  used  in  steam  boilers.  Hence,  when  the  water  is  used 
for  that  purpose,  it  is  not  necessary  to  test  the  water  for  this  soda 
ash.     All  that  is  then  required  is  to  use  enough. 

Should  any  scale  form  in  the  boilers,  its  appearance  and  char- 
acter will  indicate,  to  an  observant  man,  wdiether  it  is  the  sulphate 
or  the  carbonate  of  lime,  and  from  this  he  should  know  whether  it 
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is  necessary  to  increase  the  amount  of  soda  asli,  and  whether  he  is 
using  enough  of  Hme. 

Equally  important,  with  the  selection  of  an  efficient  boiler,  is 
the  character  of  the  feed  water,  and  its  treatment,  so  as  to  maintain 
the  original  efficiency  that  modern  boilers  give  when  in  prime  con- 
dition. Therefore,  when  a  new  boiler  plant  is  installed,  and  when 
more  than  one  source  of  water  is  available,  it  will  certainly  pay, 
in  a  majority  of  cases,  to  investigate  each  water,  and  so  determine 
which  is  best  for  boiler  use,  and  which  will  most  readily  yield  to 
treatment  and  thus  prove  the  cheapest. 

In  the  city  of  St.  Louis,  where  not  less  than  ten  cents  is  paid  for 
each  1000  gallons  of  water  used,  and  in  other  cities  where  a  50  per 
cent,  greater  tax  is  collected,  it  will,  in  manv  cases,  pay  to  sink  wells 
and  treat  the  water  thus  obtained,  which  will  seldom  cost,  for  treat- 
ment and  pumping,  one-quarter  of  the  price  of  city  water. 

COST   OF    SOFTENING    WATER. 

All  carbonates  of  lime  and  magnesia,  and  iron  are  removed  by 
caustic  lime,  which  is  also  precipitated  and  removed  along  with  the 
original  impurities.  By  means  of  soda  ash,  sulphates  of  lime  and 
magnesia,  or  chlorides  of  lime  and  magnesia  are  converted  into 
carbonates  of  lime  and  magnesia,  and  hydrate  of  magnesia,  which 
are  precipitated,  while  the  soda  unites  with  the  sulphuric  and 
hydrochloric  acids,  forming  the  neutral  sulphate  of  soda  and 
chloride  of  sodium,  which  are  soluble  in  water. 

The  caustic  lime  used  must  be  as  pure  a  calcium  oxide  as  it  is 
possible  to  obtain.  A  "fat"  lime  is  generally  of  this  character.  A 
high  percentage  of  magnesia,  oxide  of  iron  or  silica,  is  objection- 
able. 

The  cost  of  treatment  of  water  varies  from  one-third  cents 
per  1000  gallons  up,  depending  upon  the  character  of  the  water. 

The  advantages  of  this  method  of  feed-water  purification  are 
self-evident. 

First.  The  water  is  softened  while  cold,  and  before  it  enters 
the  boiler  room;  therefore,  the  feed  pipes,  exhaust  and  steam 
heaters  and  economizers  are  kept  practically  free  from  calcareous 
deposit. 

Second.  The  softened  water  contains  a  very  small  amount  of 
incrustating  matter.  Therefore  the  boiler  can  be  operated  many 
times  as  long  without  cleaning  and  does  not  collect  a  hard  scale. 

Third.  When  it  is  necessary  to  wash  out  a  boiler  it  can  be 
done  for  about  one-third  of  what  it  cost  before  the  water-softening 
plant  was  put  in. 
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Fourth.  The  purifying  apparatus  can  be  cleaned  advantage- 
ously while  the  steam  plant  is  in  operation,  thus  saving  Sunday 
work  or  overtime. 

T.A.BLE  Showing  Amount  of  Impurities  Removed  from  Water  by  Chemicals 

Used  in  Softening. 


Will  Remove  Following  Amount  in  Pounds  : 

One  Pound  of  the 
Following  Chemical 

At  Price  in 

Cents  per 

Pound. 

Carbon- 
ate 
of  Lime. 

Carbon- 
ate 
of  Mag- 
nesia. 

Sulphate 
of  Lime. 

Sulphate 
of  Mag- 
nesia. 

Chloride 
of  Lime. 

Chloride 
of  Mag- 
nesium. 

Caustic  lime,  98% 
Soda  ash,  58% 

.88-1.15 

1-75 

1-5 

1.28 

113 

1.04 

0.9 

Fifth.  The  scale-forming  matter  in  the  water  is  reduced  to 
that  condition  in  which  it  can  be  gotten  rid  of,  at  the  least  possible 
expense ;  a  small  fraction  of  the  cost  of  cleaning  heaters  or  boilers. 

Sixth.     No  boiler  compound  is  required. 

Seventh.     An  increased  economy  resulting  from  clean  boilers. 

Eighth.  Less  water  used  for  cleaning,  and  less  coal  used  for 
heating  up  the  cold  boiler  and  brickwork,  due  to  less  frequent 
cleanings. 

Table  of  Cost  of  Precipitating  iooo  Grains  of  Different  Impurities  with 
Different  Reagents. 


Reagent. 

Cost  of  Re- 
agent per 
Pound. 

Carbotiate 
of  Lime. 

Carbonate 
of  Mag- 
nesia. 

Sulphate 
of  Lime. 

Chloride  of 
Magnesia. 

Caustic  lime,  98%  pure 

^-loc. 

.0255c. 

.0296c. 

Soda  ash,  58% '      l->^c. 

Caustic  soda,  74% -jr. 

.167c. 

0.243c. 

.3570c. 

.7850c. 
1. 2000c. 
4.5750c. 

.4070c. 

.928c. 
1. 430c. 
5-475C. 

Trisodium  phosphate 

Fluoride  of  sodium 

5c. 

IOC. 

5c. 

.576c. 
.883c. 

0.831c. 
1.26c. 

Tannic  acid 

Ninth.     The  saving  in  repairs. 

Tenth.  The  increased  safety  to  life  and  property  by  decreas- 
ing the  danger  of  explosion,  either  of  boilers  or  of  high-pressure 
heaters. 

Water  from  which  the  incrustating  solids  and  mud  are  removed 
before  it  reaches  the  boilers  or  heaters,  so  that  not  over  i  grain  of 
lime  carbonate  ana  i^  grain  of  magnesia  hydrate  are  found  in  a 
gallon  of  water,  is  in  such  a  degree  of  softness,  that  not  more  than 
a  "paper"  scale  will  accumulate  on  the  plates  and  tubes  of  steam 
boilers  in  six  months  of  constant  use,  and  but  a  small  amount  of  soft 
deposit  upon  the  pans  of  the  exhaust  steam  heaters. 
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Tliis  is  the  condition  to  which  a  liard  water  can  Ije  brought  by 
means  of  the  Clark  process.  The  figures  show  a  plant  on  this  sys- 
tem, erected  in  the  wt)rks  of  the  Crawford,  McGregor  &  Canby 
Co..  at  Dayton,  Ohio. 

The  following  are  analyses  of  well  water,  before  and  after 
softening  in  this  apparatus  : 

ANALYSES  OF  WATER,  BEFORE  AND  AFTER  SOFTENING  BY 
THE  CLARK  PROCESS,  AT  THE  LOUISVILLE  ELECTRIC 
I.lGirr  CO.,  LOUISVILLE,  KY. 

I.Mi'LKiTiES  Given  in  Gr.ains  per  U.  S.  Gallon. 

Raw  Softened 

Water.  Water. 

Silica    1. 10  .40 

Oxide  of  iron  and  ahiniinum 30  .10 

Carbonate  of  lime  16.78  .80 

Carbonate  of  magnesia   1.89  .... 

Hydrate  of  magnesia   1.04 

Sulphate  of  magnesia 9.90 

Chloride  of  sodium  8.40  6.09 

Sulphate  of  soda  6.00  .... 

Total    34.56        18.33 

Take,  for  example,  Michigan  Lake  water,  the  cost  of  softening 
which  is  0.34  cents  per  1000  gallons. 

l-~or  a  100  horse  power  boiler,  operating  12  hours  and  evaporat- 
ing 4050  gallons,  the  cost  of  softening  is  1.4  cents  per  day;  cost  per 
year  (350  days),  $4.90. 

With  Lake  Erie  water  the  cost  of  softening  is  0.80  cents  per 
1000  gallons ;  cost  per  day  per  horse  power,  3.25  cents ;  cost  per 
year.  Si  1.38. 

DEEP  WELL  WATER  FROM  SOUTHERN  OHIO. 
Impurities  Given  in  Grains  per  U.  S.  Gallon. 

Before  .\fter 

Sottening.  Softening. 

Oxide  of  iron 630  .... 

Carbonate  of  lime  10.768  1-450 

Carbonate  of  magnesia   4-777  •  -  •  • 

Hydrate  of  magnesia .870 

Sulphate  of  lime  1-725  .... 

Sulphate  of  soda 1.802 

Chloride  of  sodium   2.080  2.080 

Total  residue   19.981  grains.  6.172  grains. 

Hardness  (Clark )  1-7.5      degrees.        3.0     degrees. 

Theoretical    soap-destroying  power, 

per  1000  gallons  of  water 26.000  pounds.        4.500  pounds. 

Cost  of  chemicals  to  remove  temporary  and  permanent  hardness,  $5.02 
per  million  gallons. 

Cost  of  chemicals  to  remove  hardness  only,  $4.35  per  million  gallons. 

Where  formerly  it  w^as  necessary  to  open  boilers  for  cleaning 
once  in  ten  days  or  two  weeks,  and  then  the  cleaning  consisted  in 
scraping,  hammering  and  chipping  the  scale  from  the  tubes,  by  the 
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use  of  softened  feed  water,  a  boiler  will  run  from  twice  to  four 
times  as  long,  and  nothing  but  a  stream  of  water  from  a  hose  is 
necessary  to  clean  the  soft  white  sludge  from  the  metal ;  this 
requires  but  a  fraction  of  the  time  used  for  cleaning  by  the  old 
method. 

An  exhaust  steam  heater  will  run  about  twenty-four  times  as 
long  before  it  has  an  equal  deposit  on  the  pans.  Where  econo- 
mizers are  used,  the  softened  water  keeps  these  clean  for  the  same 
reason. 

When  used  in  boilers  heavily  scaled,  this  softened  water  has  a 
tendency  to  remove  the  old  crusts,  because  no  new  deposit  of  lime 
and  magnesia  forms  over  the  old  crusts,  thus  cementing  it  to  the 
metal  while  the  boiler  is  hot.  The  unequal  expansion  of  the  metal 
and  of  the  non-conducting  crust  loosens  the  latter,  and  it  falls  from 
the  tubes  and  plates.  The  action  is  practically  the  same  as  that 
noticed  when  rain  water  or  distilled  water  is  used  in  boilers. 

ECONOMY  IN  OPERATION  OF  2000  H.  P.  STEAM  PLANT.  DUE  TO 
USING  WATER-SOFTENING  PLANT. 
Cost  of  Operation  without  Water-Softening  Plant. 
Cleaning  five  400  H.  P.  boilers,  each  once  in  2  weeks,  130 

cleanings  per  year,  at  $20 $2,600.00 

130  tons  of  coal,  at  $1.30  per  ton,  to  get  steam  on  boilers 

cooled  by  cleaning 195-00 

Yearly  extra  repairs  on  five  boilers,  due  to  bad  water.  . .  .        150.00 
Boiler  compound  for  five  boilers,  per  year  300.00 

$3,245.00 

Cost  of  Operating  with  Water-Softening  Plant. 

Yearly  cost  of  chemical  reagents  to  treat  60,000  pounds  of 

water  per  hour,  at  %  cent  per  1000  gallons $551.88 

Yearly  interest  8  per  cent.,  and  depreciation  10  per  cent., 

on  $4500  720.00 

Yearly  labor  of  operating  plant,  at  90  cents  per  day 328.50 

Washing  five  400  H.  P.  boilers,  each  once  per  month,  or  60 

washings  per  year,  at  $8 480.00 

60  tons  of  coal  at  $1.50  per  ton,  to  get  steam  on  boilers 

cooled  by  washing   90.00 

2,170.38 

Saving  by  using  softened  water    (about  24  per  cent. 

on   $4500)     $1,074.62 

Coal  Economy. 

2000  H.  P.  boilers  evaporate  60,000  pounds  of  water  per 
hour,  or  1,440,000  gallons  of  water  per  24  hours.  Evap- 
oration without  purifier  at  10  to  i  equals  144,000  gal- 
lons; 72  tons  of  coal  per  24  hours,  at  $1.50  per 
ton,  =  $108  per  day,  or,  per  year $39,420.00 

If  evaporation  were  increased  to  10.10  pounds  of  water 
per  pound  of  coal,  due  to  having  boilers  free  from 
scale,  1,440,000  pounds  of  water  should  be  evaporated 
each  24  hours  with  71.28  tons  of  coal,  at  $1.50  per 
ton,  a  yearly  cost  of 39,025.8c 

T,    .  .  394-20 

Estmiated  saving  about  32.6  per  cent,  on  $4500  invest-  

ment    $1,468.82 
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If  the  length  of  time  between  boiler  washings  can  be  increased 
eight  or  ten  times  over  what  was  necessary  before  softened  water 
was  used  and  regular  blowing  down  put  in  practice,  and  if  it  is 
found  unnecessary  to  use  scrapers  or  tube-cleaning  machines  at  all, 
because  no  scale  accumulates  or  builds  up;  if  open  exhaust  steam 
heaters  can  be  run  from  six  months  to  one  year  without  cleaning; 
if  no  live  steam  purifiers  are  required,  and  no  boiler  compound  used, 
then  by  the  use  of  softened  water  the  percentage  of  idle  capital  is 
decreased,  and  the  labor  of  cleaning  boilers,  heaters  and  purifiers  is 
decreased. 

A  well-known  engineer  recently  remarked :  "We  are  far  behind 
European  steam  users  in  taking  advantage  of  the  economy  possible 
by  keeping  the  interior  of  our  boilers  clean  and  free  from  cor- 
rosion." However,  inasmuch  as  an  increasing  number  of  water- 
softening  plants  is  being  installed  and  successfully  operated,  we  will 
soon  lose  our  foreign  reputation  of  being  non-progressive  in  this 
respect. 

But  it  must  be  borne  in  mind  that  the  success  of  a  water- 
softening  plant  depends  upon  the  way  in  which  it  is  operated. 
Therefore,  the  element  of  risk  attending  this  part  of  its  success 
should  be  as  low  as  possible,  and  it  has  been  demonstrated  that  the 
operation  of  the  intermittent  type  is  attended  with  less  risk  than  that 
of  any  other. 
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ON  THE  K\<;ixi:i:i{iN<i  niFFic  it.ties  attending  a 
pi{<)i»i:k  insi»e(  tion  or  ce3Ient. 


By  J.  F.  Coleman,  Member,  Louisiana  Engineering  Society. 


[Read  before  the  Society,  April  8,  1901.*] 

In  the  various  and  multiform  details  which  make  up  the  duty 
of  the  engineer,  a  proper  and  intelligent  inspection  of  the  materials 
which  enter  into  the  structures  built  under  his  supervision  is  far 
from  being  the  least. 

In  harnessing  nature  to  the  service  of  mankind  he  makes  use 
of  so  nearly  all  of  the  products  of  mine,  Cjuarry  and  forest,  in 
natural  and  in  manufactured  form,  that  it  would  be  too  much  to 
expect  that  any  one  individual  member  of  the  profession  could  be 
qualified  to  pass  judgment  upon  all  of  them  except  in  a  most 
general  way,  and  largely  for  that  reason  we  have  become  sub- 
divided into  various  branch  professions  ;  and  as  the  world  grows  on, 
and  we  grow  with  it,  there  wall  naturally  follow  resubdivisions,  so 
that  each  class  of  works  and  materials,  within  certain  limits,  will 
of  necessity  have  to  be  in  the  care  of  specialists  in  that  class. 

However,  there  are  materials  so  generally  used  in  nearly  all 
classes  of  engineering  work  that  each  man  of  us  all,  in  whatsoever 
special  branch  he  may  be,  should  have  a  working  knowledge  of 
them,  for  the  reason  that  he  is  compelled  from  time  to  time  to  make 
use  of  them  under  circumstances  which  frequently  preclude  the 
possibility  or  feasibility  of  obtaining  the  judgment  of  others  more 
experienced  than  himself.  To  one  of  these  materials  this  paper 
would  direct  your  attention. 

Cement  is  a  building  material  which  has  been  in  use  for  so 
many  centuries  that  it  may  almost  be  said  to  be  older  than  the 
engineering  profession.  With  its  proper  mode  of  manufacture  this 
paper  has  nothing  to  do,  nor  with  its  proper  use.  It  would  be  pre- 
sumptuous likewise  to  claim  that  this  paper  can  throw  new  light  on 
the  testing  question.  It  is  intended  only  to  convey  to  you  an  idea 
of  the  difficulties  that  have  been  and  are  being  met  by  the  writer  in 
the  testing  and  inspection  of  cements,  with  some  few  statements  of 
what  appear  to  him  to  be  facts  in  connection  therewith. 

At  first  glance  it  would  appear  that  concerning  a  material  so 
old  as  cement  our  knowledge  should  be  absolute  and  our  data  pre- 
cise, and  the  beginner  will  no  doubt  think  such  to  be  the  case  until 
he  has  gone  below  the  surface  into  the  subject.  After  that,  each 
step  he  takes,  each  new  piece  of  information  gained,  each  experi- 

*Manuscript  received  May  17,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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ment  he  makes,  will  but  serve  to  make  him  doubtful  of  that  which 
he  thought  was  certainty  before ;  and  the  deeper  his  research  the 
less  sure  he  will  feel  of  his  knowledge  and  its  reliability.  At  least 
that  is  the  experience  of  the  writer,  who  has  had  more  or  less  to  do 
with  cements  for  some  ten  or  twelve  years  past,  and  who  has  care- 
fully studied  everything  he  could  lay  his  hands  on  pertaining  to  this 
subject  for  the  past  five  years,  to  say  nothing  of  some  laboratory 
practice. 

V'olumes  enough  to  fill  a  large  library  have  been  written  on  the 
testing  of  cements.  The  various  European  countries  have  so-called 
"standard  methods"  for  making  tests,  and  we  of  America  have  also 
a  standard.  The  subject  has  received  for  years  past,  and  is  receiv- 
ing now,  the  best  attention  and  most  earnest  study  of  the  brightest 
minds  in  our  profession  in  all  countries.  Nearly  all  the  prominent 
engineering  societies  on  the  globe  have  standing  committees  on 
"cement,"  which  make  a  special  study  of  all  the  questions  that  relate 
thereto,  collect  all  the  writings  on  the  subject  and  from  time  to 
time  submit  reports  of  such  conclusions  as  may  have  been  reached. 
And  yet,  with  all  this  study  and  research,  with  all  the  literature  on 
the  subject  from  the  pens  of  eminent  engineers  and  others,  the  more 
deeply  the  writer  has  gone  into  this  subject  the  less  certain  has  he 
been  of  his  conclusions  or  of  the  reliance  to  be  placed  in  them,  and 
the  more  "at  sea"  has  he  felt  on  the  subject  at  large. 

It  should  be  understood,  of  course,  if  it  is  not  already  apparent, 
that  this  paper  does  not  purport  to  be  the  work  of  one  who  lays 
claim  to  expert  knowledge  on  the  cement  question,  but  is  rather  an 
expose  of  the  doubts  and  tribulations  of  one  whose  practice  is  not 
specialized  in  cement  works  particularly,  and  who  therefore  pre- 
tends to  only  an  average  amount  of  information  on  this  important 
subject. 

We  all  know,  or  can  learn  in  very  short  order  by  reference  to 
any  one  of  the  numerous  text-books,  the  chemical  constituents  of 
the  cements  of  the  various  classes.  We  know  that  the  chemical 
analysis  of  one  brand  of  cement  of  a  given  class  varies  somewhat 
from  that  of  another  in  the  same  class,  and  that  the  analyses  of  the 
various  classes  are  sufficiently  marked  to  define  them  without  seri- 
ous trouble.  We  all  have  a  general  knowledge  of  how  cements  are 
manufactured,  and  we  also  know  the  approximate  relative  values 
of  the  several  classes  of  cements ;  but  there  is  not  one  of  us  who 
docs  know  or  who  can  absolutely  determine  the  value  of  any  given 
cement  from  a  chemical  analysis  and  a  physical  laboratory  test 
occupying  a  reasonable  time.  There  seems  to  be  no  test  whereby 
the  actual  value  of  a  cement  may  become  known  except  the  test  of 
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usage  and  time,  and  in  this  respect  each  of  us  is  dependent  largely 
on  his  brother  professionals. 

If  a  sample  of  any  unknown  cement,  no  matter  how  valuable 
it  may  ultimately  prove,  be  submitted  to  any  engineer  for  use  in  an 
important  structure,  he  would  doubtless  decline  to  admit  it,  irrespec- 
tive of  its  chemical  analysis  or  physical  test.  There  is  no  question 
in  my  mind  that  he  would  be  wise  so  to  do,  because  of  the  dearth  of 
any  positive  knowledge  w^hich  would  enable  him  to  determine  its 
value  from  any  test  that  has  yet  been  devised  for  laboratory  use. 

This  lack  of  knowledge  leads  to  a  certain  crudity  in  our  speci- 
fications. For  example,  we  require  certain  "fineness"  tests,  "ten- 
sile" tests,  etc.,  but  after  these  are  all  met  by  any  sample  of  cement 
which  may  be  submitted,  we  are  still  uncertain  as  to  the  merits  of 
that  cement  unless  we  know  that  it  has  stood  the  test  of  usage  and 
time,  and  that  the  laboratory  tests  of  the  same  cement  in  the  past 
have  about  coincided  with  the  current  test. 

Cements  have  been  manufactured  that  would  pass  the  usual 
specification  requirements  and  yet  be  unfit  for  use.  Our  tests  not 
infrequently  show  better  results  for  an  inferior  cement  than  for  its 
superior.  Samples  taken  from  the  same  barrel  of  cement  and  sent 
to  a  dozen  of  the  most  accredited  laboratories  will  show  widely 
varying  results.  Briquettes  made  by  two  different  men  in  the  same 
laboratory,  in  as  nearly  the  same  manner  as  possible  and  from  the 
same  sample,  will  show  considerable  variation ;  and  even  those  that 
are  made  by  the  same  man  from  the  same  sample  and  at  the  same 
time  have  such  a  range  of  variation  as  to  be  bewildering  to  the 
seeker  after  certain  knowledge.  Of  course  it  goes  without  saying 
that  for  any  proper  inspection  of  cements  the  engineer  must  be 
equipped  w'ith  a  testing  machine,  sieves,  molds,  etc.,  so  that  he 
may  mold  briquettes  and  break  them  as  set  forth  in  all  the  articles, 
papers  and  books  that  have  treated  the  subject.  The  trouble  is  that 
after  he  shall  have  thus  provided  himself  he  has  but  opened  new 
difficulties  and  doubts  for  himself.  I  know  of  a  case  in  point :  A 
sample  was  taken  from  packages  of  cement  which  were  proposed 
for  use  in  a  certain  piece  of  work.  The  engineer  in  charge  was  not 
personally  acquainted  with  the  brand,  though  he  had  heard  of  it, 
and  it  was  well  recommended  to  him  by  other  engineers  who  had 
used  it  to  their  satisfaction.  The  cement  was  what  is  known  as 
"natural,"  the  specifications  for  which  required,  among  other  things, 
a  tensile  strength  of  125  pounds,  neat  on  seven-day  test.  The 
sample  tested  to  225  pounds  under  these  conditions ;  the  twenty- 
eight- day  test  was  parallel,  and  the  other  tests  set  forth  in  the 
specifications  were  as  fully  met.     The  cement  was  admitted  to  use, 


3o8  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

and  was  incorporated  into  part  of  the  work  under  proper  and  care- 
ful inspection.  In  a  short  time  it  gave  evidences  of  failure,  and 
on  being  exposed  showed  practically  no  bond.  Shortly  afterward, 
the  cement  having  been  continuously  used  meantime  on  adjacent 
work  which  was  under  the  supervision  of  another  engineer  and 
pronounced  satisfactory  by  him,  the  gentleman  whose  experience  I 
cite  concluded  to  go  further  into  the  merits  of  this  particular 
cement,  as  he  had  a  great  deal  of  confidence  in  the  judgment  of 
several  of  his  brother  engineers  who  had  used  it  and  pronounced 
it  satisfactory ;  so  he  gathered  new  samples  from  a  number  of  pack- 
ages, divided  the  samples  into  several  different  parcels  and  sent 
them  to  as  many  different  laboratories,  requesting  each  of  them  to 
make  thorough  tests  and  to  report  not  only  the  physical  results,  but 
the  general  conclusions  arrived  at.  The  laboratories  referred  to  in 
due  time  reported  most  favorably  on  the  cement.  The  test  made 
anew  by  my  friend  on  a  part  of  the  same  sample  showed  results  as 
nearly  similar  to  his  original  findings  as  it  was  reasonable  to  expect ; 
but  upon  again  using  the  cement  in  question — this  time  under  the 
most  rigid  personal  inspection  and  with  constant  and  careful  con- 
tinued testing — no  better  results  were  obtained.  In  this  particular 
case  the  seeker  after  knowledge  was  no  nearer  the  truth  than  he 
had  been  at  the  beginning,  except  that  he  had  learned  that  the  brand 
in  question  was  unsatisfactory  to  him,  in  spite  of  the  laboratory 
showing.  On  this  state  of  affairs  a  difficulty  arises.  Here  is  a 
cement  presumably  manufactured  and  sold  in  good  faith ;  it  fulfills 
all  requirements,  in  so  far  as  laboratory  tests  go.  That  class  of 
cements  is  a  proper  class  for  the  work  in  hand,  as  evidenced  by  the 
fact  that  another  brand  of  the  same  class,  which  does  not  stand  the 
same  laboratory  test  quite  as  creditably,  is  used  in  place  of  the 
rejected  brand  in  the  structure  in  question  and  does  not  fail.  Other 
engineers  who  are  w'ithout  fear  and  without  reproach  use  the  brand 
and  are  satisfied  with  it,  and  yet  it  does  not  in  his  judgment  serve 
its  purpose  at  all.  His  conscientious  judgment  dictates  its  rejec- 
tion, and  yet  he  feels  alone,  or  nearly  so,  in  his  position.  He  doubts 
his  own  conclusions,  fears  to  do  injustice  to  and  work  hardships  on 
the  manufacturer  or  dealer,  and  yet  cannot  conscientiously  permit 
the  use  of  that  brand ;  all  the  w'hile  admitting  that  it  fulfills  all  the 
specification  requirements. 

Now,  for  what  purpose  are  engineering  specifications  intended  ? 
Is  it  not  a  fact  that  the  engineer,  by  his  plans  and  specifications, 
should  seek  to  describe  as  accurately  and  completely  as  possible 
the  work  they  cover  in  general  and  in  detail,  the  manner  of  its 
execution  and  the  matter  with  which  it  must  be  executed,  the  classi- 
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fication  of  materials,  etc.  ?  Does  he  not  seek  to  describe  the  mate- 
rials in  such  manner  that  there  can  be,  in  the  mind  of  the  bidder, 
no  doubt  as  to  what  is  intended  in  order  that  the  bidder  may  intelli- 
gently estimate  the  cost  of  the  work ;  and,  further,  that  there  can 
be  no  difference  of  opinion  as  to  the  intent  between  any  two  per- 
sons who  understand  such  instruments  of  the  engineer  or  architect 
as  plans  and  specifications? 

Whenever  the  specifications  for  any  piece  of  work  fail  to  so 
describe  a  given  material  as  not  to  admit  of  a  doubt  as  to  what 
grade  will  be  acceptable,  they  do  not  serve  their  purpose ;  and  when- 
ever such  description  as  may  be  set  forth  in  any  specifications  will 
clearly  permit  the  use  of  a  material  which  is  unsatisfactory,  that 
description  is  faulty. 

We  are  but  too  willing  and  too  prone  to  blanket  over  such  im- 
perfections as  this  last  with  the  phrase  "acceptable  to  the  engineer," 
although  in  so  doing  we  but  stumble  into  the  other  fault  mentioned ; 
for  who  but  the  engineer  can  say  w'hat  will  be  acceptable  to  him? 
In  those  materials  concerning  which  we  do  have  or  can  obtain 
absolute  knowledge  there  can  be  no  excuse  therefore  for  such  laxity 
of  specifications,  but  there  does  seem  to  be  some  reason  for  it  when 
we  touch  upon  cement.  Although  such  practice  is  far  from  in- 
frequent, in  the  judgment  of  the  writer  it  is  not  ethical  in  general 
to  specify  the  "XYZ  cement  or  equal,"  inasmuch  as  it  makes  a 
standard  of  a  trade  product  manufactured  by  one  concern.  On 
the  other  hand,  if  we  but  specify  that  the  cement  shall  be  of  a  cer- 
tain fineness,  certain  tensile  strength,  neat  and  sand,  in  specified 
time  limits  and  the  other  usual  requirements,  without  the  saving 
clause  "of  a  brand  acceptable  to  the  engineer,"  we  bind  ourselves 
tentatively  to  accept  some  new  brand  of  unknown  durability  and 
value  purely  on  a  laboratory  test,  which,  after  all  is  said,  counts 
for  very  little.  Again,  the  results  of  dififerent  laboratories  on  the 
same  sample  vary  so  widely  that  when  a  cement  is  near  to  the  re- 
quirements, either  above  or  below  in  your  own  laboratory  it  may 
show  far  above  or  far  below  in  some  other  laboratory ;  or  if  two  or 
more  be  called  on  to  test,  one  may  be  considerably  above  and  an- 
other as  much  below  your  own  results. 

On  one  brand,  for  instance,  some  eighteen  tests,  made  by  four 
laboratories,  on  neat  cement,  seven  days,  ranged  from  186  to  576 
pounds.  This  is  a  very  unusual  and  extreme  case,  but  a  difference 
of  150  pounds  ranging  between  350  and  500  pounds  is  by  no  means 
as  rare  as  might  be  supposed.  With  such  a  state  of  affairs  the 
engineer  must  bring  his  best  judgment  to  bear  on  the  cement  ques- 
tion in  order  to  get  results ;  he  can  be  bound  by  no  cast-iron  rules. 
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He  must  sometimes  reject  cements  that  fill  the  requirements  of  the 
specifications,  and  on  some  other  occasions  he  could  safely  admit  a 
cement  that  fails  to  come  within  the  said  requirements.  Our  speci- 
fications, then,  are  not  precise  and  clear,  but  are  merely  a  rough 
guide,  and  will  so  continue  until  such  time  as  we  have  obtained 
more  absolute  knowledge. 

For  comparison  and  analysis  I  have  formulated  a  tabulation 
showing  the  chemical  analyses  of  five  diiTerent  cements,  to  which 
I  would  invite  your  attention: 


Constituents. 


Domestic  Portland. 


Slag. 


Silica 20. 76 

Oxide  of  iron "I  ,„  ^,  f 

Alumina  !  T^-^n 

Lime ,  63.42 

Magnesia 1  2. 89 

Sulphuric  anhydride !  1.67 

Loss  on  ignition '  0.55 


21.80 
3-93 
7-23 

63.12 
1.88 
1. 17 
0.54 


21.48 
2.70 

7-74 
62.22 

2.95 

1-75 
0.27 


28.85 
12.05  I 

51.20 
2.27 
1-31 
4-05 


22.80 

1-55 
14.10 
46.10 

3-65 
1.40 
7.40 


Portland. 


22.50 
3-50 
7.00 

61.00 
125 
0.88 
2.82 


Nos.  I,  2  and  3  are  domestic  Portland  cements;  Nos.  4  and  5 
are  slag  cements,  and  No.  6  is  the  average  formulae  given  by 
Candlot  &  Spalding  for  Portland  cement.  It  will  be  noted  that 
Nos.  I,  2,  3  and  6  do  not  vary  very  widely  as  to  chemical  con- 
stituency, and  that  the  principal  chemical  difference  between  them 
and  Nos.  4  and  5,  which  are  slag  cements,  is  that  the  latter  run 
high  on  silica  and  low  on  lime. 

Now  let  us  compare  Nos.  2  and  3,  both  Portland  cements. 
These  show  very  little  difference,  and  that  little  would  hardly  seem 
to  account  for  a  difference  in  physical  test.  Records  of  No.  2  show 
an  average  tensile  strength  of  850  pounds  neat  on  seven-day  test, 
while  No.  3  only  shows  700  pounds.  No.  3  is  a  well-known  brand 
that  has  been  in  extensive  use  for  a  number  of  years ;  No.  2  is  com- 
paratively new,  having  been  in  use  for  only  a  few  years.  Both 
are  usually  acceptable  brands,  and  yet  I  have  been  reliably  informed 
within  the  past  week  that  this  No.  2  has  recently  been  rejected  by  a 
most  painstaking  and  experienced  engineer  for  the  work  under  his 
charge  for  reasons  not  stated. 

It  is  plain  that  we  cannot  all  be  experts  on  cement  or  on  any 
other  one  material ;  and  if  we  are  not  experts,  how  can  we  pass 
intelligently  upon  the  merits  or  demerits  of  the  material  before  us  ? 

It  is  an  "old  saw"  that  "a.  little  knowledge  is  a  dangerous 
thing,"  and  while  that  saying  is  always  more  or  less  trite,  it  seems 
to  be  particularly  so  here. 
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Under  present  conditions  we  are  likely  to  reject  a  good  cement 
and  use  a  poor  one,  and  never  learn  that  we  have  erred  until  too 
late  to  rectify  the  error. 

As  a  broad  general  proposition,  it  might  be  stated  that  the  only 
safe  way  to  act  on  w^orks  of  supreme  importance  would  be  to  admit 
only  brands  of  high  standing  that  have  been  well  known  for  years ; 
to  assure  ourselves  of  the  freshness  of  that  which  is  used,  and  to 
test  physically  from  time  to  time  in  order  to  assure  ourselves  that 
the  cement  has  not  been  tampered  with.  An  objection  to  this  plan 
is  that  a  virtual  monopoly  would  be  effected,  since  if  all  engineers 
followed  this  line  it  would  not  pay  to  establish  new  factories  and  to 
create  new  brands.  The  progress  that  has  been  so  marked  in  the 
character  of  Portland  cement  in  the  past  few  decades  would  also 
be  checked,  as  there  would  then  be  no  incentive  to  improve  or  to 
seek  to  improve  the  present  standards. 

There  is  no  reason  to  hesitate  in  prophesying  the  course  of  the 
profession  on  this  question.  We  will  continue  in  the  future  to  do 
as  we  have  done  in  the  past,  and  occasionally,  when  circumstances 
and  surroundings  justify  it,  will  "take  chances"  until  the  happy 
time  arrives  when  the  laboratory  experts  devise  some  sure  and  cer- 
tain method  of  classifying  cements  by  their  tests  so  that  the  rela- 
tive values  may  be  absolutely  gauged,  without  regard  to  brand  or 
other  trade-mark  and  without  regard  to  past  performances.  In  the 
meantime  we  may  all  at  least  hope  that  such  a  time  is  near  at  hand. 

DISCUSSION. 

^Ir.  L.  \V.  Brown  (by  letter). — The  variation  of  50  per  cent, 
or  more  referred  to  by  the  author  between  different  laboratory  tests 
of  the  same  artificial  cement  is,  to  my  mind,  due  to  want  of  ordinary 
care  on  the  one  hand  and  to  extraordinary  care  on  the  other  in  the 
manipulation  and  care  of  the  briquette ;  and  it  may  be  observed 
that  with  the  greatest  care  a  difference  as  high  as  20  per  cent,  will 
result  between  two  laboratories  testing  the  same  artificial  cement, 
due  to  difference  in  method  of  manipulation.  But  the  great  dif- 
ferences referred  to  unquestionably  result  from  the  improper  and 
careless  manipulation  of  the  briquette,  w^hich  is  perhaps  the  most 
important  part  of  the  test  and  wdiich  is  often  done  by  the  office  boy 
or  janitor. 

I  am  of  the  opinion  that  if  an  engineer  wants  accurate  knowl- 
edge of  the  cement  he  is  using  he  must  personally  test  it,  and  an 
engineer  in  charge  of  large  and  important  works  should  be  equipped 
and  required  to  make  these  tests  so  as  to  nullify  the  element  of  care- 
lessness and  secure  uniformity  in  manipulation.     But  such  tests  are 
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more  for  the  satisfaction  of  the  engineer  than  to  secure  any  valuable 
results. 

The  value  of  laboratory  tests  was  most  clearly  illustrated  dur- 
ing the  construction  of  portions  of  the  drainage  work  in  New 
Orleans,  where  the  Drainage  Commission  arranged  with  Professor 
Creighton,  of  the  Tulane  University,  to  make  the  tests.  As  often 
happens,  the  results  of  the  test  were  not  made  known  until  after  the 
lot  from  which  samples  were  taken  had  been  used  in  the  work,  and 
when  the  results  showed  deficiency  the  work  suffered ;  from  which 
conclusions  I  feel  justified  in  advancing  the  opinion  that  the  test- 
ing of  cement  as  it  is  used  cannot  result  in  any  benefit,  and  may  be 
the  cause  of  serious  trouble. 

The  American  Society  of  Civil  Engineers  has  for  several  years 
past  endeavored  to  reach  some  standard  for  testing  cement,  but  has 
as  yet  reached  no  definite  conclusion;  and  the  subject  has  received 
the  deep  consideration  of  the  best  minds  in  this  country  and  in 
Europe.  The  conclusion  reached  is  that  the  testing  of  cement  em- 
braces conditions  wherein  the  slightest  variation  in  manipulation 
causes  wide  difference  in  results,  and  the  manipulation  does  not 
admit  of  the  precision  necessary  to  secure  a  satisfactory  standard, 
as  will  be  readily  observed  by  the  following  parts  of  the  manipula- 
tion wherein  variation  occurs : 

How  are  samples  obtained,  and  from  what  proportion  of 
packages  ? 

How  are  the  samples  mixed  ? 

Proportion  of  samples  made  into  briquettes. 

Depth,  diameter  and  size  of  wire  of  screen. 

Length  of  time  screens  of  diff'erent  finenesses  should  be  shaken. 

Humidity  df  atmosphere. 

Temperature. 

Amount  of  water,  and  whether  regardless  of  humidity  of 
atmosphere. 

Pressure  in  forming  briquettes. 

Fineness  and  angularity  of  sand. 

Method  of  mixing. 

Length  of  time  the  mixing  should  continue. 

Method  of  filling  the  briquette  frame. 

Treatment  of  briquettes  while  setting. 

Surface  on  which  briquettes  are  formed. 

Finish  of  briquettes,  by  trowel  or  otherwise. 

Rate  of  applying  load. 

From  this  it  is  most  apparent  that  no  positive  standard  for 
laboratory    tests    can    be    made    which    will    give    any    reasonable 
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uniformity  of  results.  Hence  other  measures  must  be  thought 
over,  considered  and,  if  satisfactory,  adopted;  and  I  would  submit 
the  following-, — viz: 

Artificial  or  Portland  cement  is  susceptible  of  the  same  class 
of  inspection  at  the  factory  as  is  steel,  iron  or  machinery  at  the 
mills,  foundry  or  shop.  The  prcjportion  of  the  ingredients  can  be 
and  are  by  the  factory  chemically  determined  in  the  slurry  before 
burning,  and  the  fineness  is  regulated  by  screens  as  the  finished 
cement  leaves  the  stones.  The  proper  chemical  analysis  being 
determined,  as  also  the  fineness  for  certain  results,  the  factory 
should  sell  the  cement  according  to  these  different  and  known  in- 
gredients, coupled  with  the  fineness,  and  the  price  proportioned  to 
the  value  of  the  contained  ingredients  and  their  fineness.  The 
engineer  specifies  the  class  of  cement,  and  in  the  case  of  large  works 
he  places  a  competent  man  at  the  factory,  the  same  as  he  does  at 
the  rolling  mills,  foundry  or  shop.  The  sack  or  barrel  containing 
the  cement  of  proper  requirements  is  labeled  and  sealed,  and  if  the 
seal  is  broken  before  reaching  the  work  the  cement  is  rejected. 
When  the  amount  of  cement  required  is  small,  arrangements  can  be 
made  whereby  the  dealer,  at  small  additional  expense,  has  the 
cement  inspected,  labeled  and  sealed  by  any  of  the  several  reputable 
inspecting  and  testing  firms. 

The  results  from  such  inspection  would  far  exceed  in  value 
any  laboratory  tests,  and  would  remove  the  main  difficulty  attend- 
ing the  use  of  cement.  The  factory  must  necessarily  give  an  abso- 
lutely true  statement  of  chemical  ingredients  and  fineness  for  the 
various  strengths  of  their  particular  cement. 

As  to  natural  cement,  it  is  understood  that  the  product  cannot 
possibly  be  uniform,  and  consequently  it  is  not  expected.  Hence 
natural  cement,  no  matter  how  satisfactory  a  test  may  be  shown, 
should  not  be  used  on  work  where  great  stability  and  longevity  are 
required. 

The  fluctuating  value  of  cement  is  very  largely  occasioned  by 
the  manipulation  of  the  mortar  on  the  work  where  it  is  used,  and  is 
often  the  cause  of  failure  of  good  cement ;  and  it  is  obligatory,  in 
order  to  secure  good  results,  that  the  engineer  should  have  means 
to  ascertain  positively  the  manipulation  of  not  only  one  batch,  but 
of  every  batch  used  on  the  work.  The  main  points  to  be  secured 
to  provide  good  results  in  cement  masonry  or  concrete  are  the 
angularity,  fineness  and  proper  proportions  of  sand  and  the  proper 
amount  of  water.  Too  much  water  drowns  the  cement,  and  if 
applied  in  large  quantities  or  under  pressure  has  a  tendency  to 
separate  the  cement  from  the  sand,  so  that  the  proper  mixing  is  not 
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secured.  The  chemical  analysis  of  the  water  should  be  known,  and 
turbid  water,  carrying  clay  in  suspension,  should  not  be  used. 
Thorough,  complete  and  uniform  mixing  of  the  sand  and  cement 
is  also  very  important.  In  fact,  a  poor  cement  properly  manipu- 
lated will  give  better  results  than  a  good  cement  improperly 
manipulated. 
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KAKLY  TKANSI»<)I{TATION  CANALS. 


By  J.  T.  Fanning,  Member  American  Society  Civil  Engineers. 


[Synopsis  of  a  paper  read  before  the  Engineers'  Club  of  Minneapolis, 
April  15,  1901.*] 

We  sometimes  hear  that  canals  are  now  obsolete,  but  at  the  last 
sessions  of  our  National  Congress  there  was  offered  a  resolution 
relating-  to  a  proposed  canal.  That  resolution,  if  passed,  might  have 
awakened  a  thrill  among  the  nations  like  that  of  a  proclamation  of 
defiance  to  the  world.  Recent  foreign  news  items  have  indicated 
that  the  German  Government  has  considered  most  earnestly  the 
desirability  of  constructing  additional  extensive  canals,  and  also 
that  the  Russian  Government  has  now  in  progress  a  canal  intended 
to  connect  the  Gulf  of  Riga  and  the  Black  Sea,  a  work  not  less  in 
magnitude  as  an  engineering  work  than  is  her  Siberian  railway. 
It  is  only  about  two  years  since  Vice-President  Roosevelt,  then 
Governor  of  New  York  State,  desiring  to  formulate  and  recom- 
mend a  canal  policy  for  the  State  of  New  York,  appointed  an  emi- 
nent commission,  and  said  to  them : 

"I  desire  the  opinion  of  a  body  of  experts,  who  shall  include  in 
their  number  not  merely  high-class  engineers,  but  men  of  business, 
and  especially  men  who  have  made  a  study  of  the  problems  of  trans- 
portation ;  who  know  the  relative  advantages  and  disadvantages 
of  ship  canals,  barge  canals  and  ordinary  shallow  canals ;  who  are 
acquainted  with  the  history  of  canal  transportation  as  afifected  by 
the  competition  of  railroads,  and  who  have  the  knowledge  that  will 
enable  us  to  profit  by  the  experience  of  other  countries  in  these 
matters." 

These  suggestions  indicate  that  the  question  of  useful  canals  is 
still  a  living  issue  and  indicates  that  the  charge  of  obsoleteness 
applies  only  to  those  canals  whose  usefulness  has  been  outgrown 
through  lack  of  their  capacities.  On  close  examination  some  of 
those  old  canals  are  found  to  have  been  stupendous  works,  which, 
for  their  day,  w'ere  most  creditable  to  their  promoters,  and  may  even 
now  excite  our  admiration.  They  are,  therefore,  of  historical 
mterest. 

Here  followed  a  concise  historical  sketch  of  the  ancient  lowland  canals 
constructed  and  used  by  the  Chaldees,  the  hydraulic  works  of  the  Egyptians 
and  the  colonial  hydraulic  enterprises  of  the  Romans. 

Sluice  Chutes. — If  we  keep  in  remembrance  the  fact  that  the 
early  transportation  waterways  were  without  locks,  and  that  sluice 

*Manuscript  received  May  31,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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chutes  were  used  as  substitutes  for  locks,  we  shall  see  clearly  that 
those  waterways  could  have  been  only  works  of  the  deltas  and  low 
countries.  The  Chinese  have  not  yet  modern  locks  on  their  grand 
or  other  canals,  but  they  are  said  to  pull  their  boats  from  one  level 
up  to  slightly  higher  levels  by  the  aid  of  windlasses,  and  with  much 
expenditure  of  manual  labor.  Instead  of  locks  they  have  guide 
walls  at  each  chute,  narrowing  the  canal  to  the  width  of  their  widest 
boats,  and  they  use  stop  planks  or  timbers  at  the  downstream  end 
of  the  changes  of  canal  levels  and  open  the  chute  when  a  boat  is  to 
pass.  This  was  the  method  in  use  in  Italy  before  the  idea  of  a  gate 
at  the  upper  end  of  the  lock  was  conceived. 

Straight-Edge  Levels. — The  old  excavators  of  canals  had  not 
the  advantage  of  a  spirit  level  to  aid  them  in  laying  out  their  works. 
The  Romans  are  said  to  have  used,  in  leveling,  the  straight  edge  of 
a  plank  about  twenty  feet  long.  At  each  end  of  this  plank  a  frame 
depended,  and  on  each  frame  a  line  was  made  at  right  angles  to  the 
top  of  the  plank.  While  in  use,  the  plank  was  so  adjusted  that 
plumb  lines  hung  from  the  top  of  the  plank  would  cover  the  vertical 
lines  on  the  upright  frames.  The  top  edge  of  the  plank  was  then 
level  and  could  be  used  for  sighting.  In  the  top  edge  of  the  plank 
was  a  groove  which  was  sometimes  filled  with  water,  and  when  the 
water  was  equally  near  the  top  edge  of  the  plank  at  the  ends,  the 
plank  was  sighted  along  for  a  level  line. 

Canal  Locks. — The  invention  of  the  second  or  upper  gate,  in 
connection  with  a  canal  chute,  embodied  the  principles  of  construc- 
tion of  the  modern  lock. 

This  invention  is  claimed  in  Italy  for  two  brothers  Domenico, 
in  1481,  and  the  State  of  Venice  has  claimed  to  have  been  the  first 
to  adopt  the  double  gates.  It  is  said  that  Leonardo  da  Vinci, 
famous  as  painter,  architect,  philosopher  and  engineer,  adopted  the 
Domenico  scheme  to  connect  two  canals  in  Milan,  by  six  locks  with 
a  total  fall  of  34  feet,  and  he  has  since  often  been  mentioned  as  the 
inventor.  He  may  have  first  so  planned  a  lock  that  it  became  a 
practical  and  useful  invention. 

This  lock,  with  upper  and  lower  gates,  marks  a  distinct  ad- 
vance in  canal  engineering ;  for  canal  boats  that  had  heretofore  been 
of  service  in  the  low  and  nearly  level  countries  might  now  rise  to 
the  higher  lands  and  proceed  farther  inland,  and  might  even  cross 
ridges  of  moderate  height  from  stream  to  stream  and  from  estuaries 
to  elevated  inland  lakes. 

To  the  Italian  philosophers,  Galileo,  Castelli,  Toricelli  and  their 
pupils  we  are  indebted  for  much  of  the  early  experimental  knowl- 
edge relating  to  the  flow  of  water  through  orifices  and  small  pipes 
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and  over  weirs,  and  for  llie  early  formulas  developed  from  their 
researches  ;  and,  likewise,  we  are  indebted  to  the  Italian  cng-inecrs 
for  the  methods  of  praclieal  eonslruction  of  transportation  canals, 
on  which  boats  mi^ht  asct-nd  froin  the  lower  to  the  upper  part  of  a 
river  valley. 

The  broad  lower  valley  oi  the  River  I'o,  extending;'  from  the 
fool  of  the  Alps  on  the  nonh  to  the  foot  of  the  .Appennines  on  the 
south,  was  in  early  times  covered  with  a  network  of  irrig^alion 
canals,  and  this  valley  became  in  consequence  the  fertile  garden  of 
Northern  Italy.  When  the  true  canal  lock  was  invented,  the  canal 
system  extended  up  the  vallev  of  the  Po  above  the  city  of  Milan, 
and  the  Italians  became  the-  most  skillful  canal  Iniildcrs  in 
l''urope. 

l'\)rei.!:;n  Canals  with  Locks. — In  1758  the  English  I'arliament 
granted  to  the  Duke  of  Bridgewater  an  act  for  the  construction  of 
a  transportation  canal  between  Manchester  and  Liverpool,  and  this 
canal  was  constructed  under  the  direction  of  the  eminent  engineer 
Ijrindley.  It  is  recorded  that,  in  the  middle  of  the  last  century,  the 
cost  of  transporting  goods  by  road  between  Liverpool  and  Man- 
chester, about  thirty  miles,  was  forty  shillings  per  ton,  or  about 
thirty-three  cents  per  ton  per  mile.  The  Bridgewater  canal  re- 
duced this  rate  to  six  shillings,  or  about  five  cents  per  ton  mile. 
The  result  gave  a  tremendous  impetus  to  manufactures  and  to 
mining  in  England,  and  started  England  on  a  period  of  most  re- 
markable commercial  prosperity  that  placed  her  in  the  front  rank 
of  manufacturing  nations. 

Following  this  beginning  of  water  transportation  from  the 
Mersey  harbor,  England  soon  developed  an  extended  canal  system, 
opening  important  lines  of  internal  navigation  in  various  parts  of 
the  United  Kingdom. 

The  Royal  and  Grand  Canals  in  Ireland,  ninety-two  and 
eighty-five  miles  in  length  respectively,  were  originally  works  of 
much  importance.  They  extended  from  Dublin,  on  the  east,  to 
Limerick  on  the  west  of  Ireland. 

The  prominent  industrial  advancement  of  Belgium  was  largely 
due  to  the  promotion  of  cheap  water  transportation.  Belgium  has 
maintained  its  principal  waterways,  and  still  derives  great  advan- 
tage from  them.  From  Brussels,  the  capital,  which  is  near  the  cen- 
ter of  the  state,  there  is  even  now  a  regular  line  of  steamers  to 
London. 

Holland  was  known  as  the  "Land  of  Dykes  and  Ditches" 
before  she  began  to  embank  her  lowlands  from  the  sea.  Her 
ditches  still  serve  as  public  thoroughfares  for  navigation  in  summer 
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and  for  sledges  and  for  skaters  in  the  winter.  The  Haarlem  Canal, 
surrounding  the  Haarlem  Meer,  a  lake  of  about  seventy  square 
miles  area,  was  originally  excavated  to  facilitate  the  drainage  of  the 
Meer,  and  to  furnish  a  transportation  route  to  replace  navigation 
upon  the  lake.  The  canal  surrounding  the  lake  is  thirty-eight  miles 
in  length.  Into  this  canal  the  waters  of  the  lake  were  pumped  with 
an  average  lift  of  sixteen  feet,  and  the  rainfall  is  still  pumped  into 
the  canal.  This  area  of  seventy  square  miles  is  redeemed  from 
below  sea  level  for  the  benefit  of  agriculture  and  the  enrichment  of 
the  state. 

The  canal  works  of  the  French  engineers  present  some  of  the 
most  scientific  and  substantial  hydraulic  constructions  for  transpor- 
tation, purposes  oi  the  early  as  well  as  of  modern  times. 

The  German  and  Russian  engineers  have  also  executed,  in 
their  respective  countries,  some  imjiortant  transportation  canals  that 
are  worthy  of  special  attention,  but  our  time  will  not  permit  refer- 
ence to  them  in  detail. 

Gustavas  Vasa,  in  Sweden,  is  said  to  have  been  not  less  ambi- 
tious for  the  development  of  the  resources  of  his  state  than  was 
Peter  the  Great  for  the  development  of  the  internal  resources  of 
Russia.  It  was  his  desire  that  there  should  be  continuous  water 
transportation  from  Gothenburg,  on  the  west,  to  Stockholm,  on  the 
east.  Along  the  proposed  route  are  the  lakes  Wener,  Hielmar  and 
Mgelar,  whose  connecting  streams  have  great  cataracts.  Several 
successive  rulers,  after  Gustavas,  examined  anew  this  navigation 
project  and  partial  works  were  undertaken  from  time  to  time.  In 
1806,  Thomas  Telford,  the  experienced  and  famous  canal  engineer 
of  England,  was  called  to  examine  and  report  upon  the  whole  pro- 
ject. Telford's  comprehensive  plan  was  adopted  and  the  work 
commenced.  Sixty-five  miles  of  the  line  required  artificial  work, 
and  the  remaining  fifty-five  miles  were  lake  navigation.  The  sum- 
mit of  the  canal  is  296  feet  above  tide  level.  The  plan  showed  42 
icet  width  of  canal  at  the  bottom  and  10  feet  depth  of  water.  The 
locks  were  planned  120  feet  long  and  24  feet  width.  This  wat. 
justly  regarded  as  one  of  the  most  important  public  works  in  prog- 
ress in  the  first  decade  of  the  late  century,  and  this  canal  is  still 
in  service. 

The  Swedish  Canal,  connecting  the  Wener  and  Wetter  Lakes, 
is  of  nearly  equal  importance  as  respects  remarkable  construction 
and  extent  of  traffic. 

American  Canals. — Our  own  Washington,  the  surveyor  and 
engineer,  when  a  private  citizen  of  Virginia,  exerted  a  strong  influ  ■ 
ence  and  gave  his  best  endeavors  to  inaugurate  a  comprehensive 
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system  of  AnicM-ican  iiik-nial  routes  of  lrans|)ortation  l)otli  of  public 
roads  and  canals. 

As  a  siu"vc\()r.  as  ])rouiotcr  of  the  interests  of  his  State,  and 
then,  in  1754,  as  commander  of  a  military  expedition,  he  became 
familiar  with  the  trails  from  Chesapeake  I'ay  and  James  River  over 
the  .Mle^heny  Mountains  to  the  (  )hio  River  Valley,  and  with  the 
portages  from  the  iludson  River  aloni;-  the  ?\[oha\vk  and  (  )s\vc.gjo 
N'alleys  to  T.ake  ( )ntari(^.  I'efore  1776,  a  considerable  migration  of 
familii's  from  the  .Atlantic  ("oast  colonies  had  started  toward  the 
fertile  lands  west  of  the  moimtains.  The  war  of  independence  then 
interfered  with  the  advancement  of  ])rojects  for  public  highways. 
Soon  after  the  close  of  the  Revolutionary  War,  Washington  is  said 
to  have  obtained  a  charter  for  a  water  route  between  the  Hudson 
River  and  the  Great  Lakes,  and  was  elected  the  first  president  of 
the  company.  This  was,  however,  but  one  of  the  efforts  that  later 
led  the  State  of  New  York  to  undertake  the  greater  waterway  along 
a  similar  route. 

y\.t  the  opening  of  the  new  century,  the  fanners  who  had 
migrated  from  Massachusetts  to  Vermont  were  sending  their  pro- 
duce to  Boston  by  way  of  the  Merrimac  River,  and  the  farmers  who 
had  migrated  to  lands  known  as  Central  New  York  were  sending 
their  produce  to  market  by  transports  down  the  Delaware  and  Sus- 
quehanna Rivers  in  frail  boats  which  were  not  expected  to  be  re- 
turned up  the  rivers. 

In  1805  Congress  appointed  three  commissioners  to  search  for 
the  shortest  and  most  desirable  route  for  transportation  over  the 
Alleghenies,  and,  in  1808,  Albert  Gallatin  made  an  exhaustive  report 
to  Congress  upon  the  topography  of  the  United  States,  and  sug- 
gested a  network  of  rivers,  canals  and  roads,  to  be  improved  by  the 
central  government. 

The  necessity  of  cheapening  transportation  was  at  the  same 
time  suggesting  private  development  of  waterways  by  chartered 
companies. 

The  American  canal-building  era  began  with  starting  the  con- 
structions of  the  Middlesex  Canal  in  Massachusetts  and  the  Santee 
Canal  in  South  Carolina  in  1802.  The  Middlesex  Canal  was  com- 
])leted  from  the  Charles  River  at  Boston  to  the  Merrimac  River  near 
Lowell  in  1808.  The  era  of  the  construction  of  old-style  transpor- 
tation canals  continued  until  about  the  year  1840,  at  which  date 
about  4000  miles  of  canals  had  been  built  in  the  United  States, 
beside  the  important  canal  works  of  Canada. 

In  the  New  iMigland  States  there  were  227.69  miles  of  canal, 
of   which   the    Middlesex,   thirty  miles  long,  and   the   Blackstone, 
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forty-five  miles  lons^.  were  most  important.  These  two  have  gone 
out  of  use. 

In  the  remaining-  Atlantic  States  there  were  2526.77  miles  of 
canals,  of  which  the  Erie,  363  miles  length,  and  its  branches,  365.75 
miles  in  length,  were  the  most  important.  The  Erie  Canal  was 
commenced  in  1817  and  completed  in  1825. 

There  were  also,  in  the  Atlantic  States,  the  Delaware  and  Hud- 
son Canal,  119.63  miles  length;  the  Raritan,  42  miles;  the  Morris 
and  Essex,  101.75  miles;  the  Lehigh,  84.48  miles;  the  Chesapeake 
and  Ohio,  136  miles;  the  James  River,  175  miles;  the  Dismal 
Swamp  Canal,  23  miles. 

A  large  part  of  the  canals  above  enumerated  are  still  useful  in 
the  transportation  of  heavy  freights. 

In  Illinois  there  is  the  Illinois  and  Michigan  Canal,  on  which 
there  is  still  traffic. 

In  Indiana  there  is  the  Wabash  and  Erie  Canal,  187  miles  in 
length. 

In  Ohio  there  is  the  Ohio  and  Erie  Canal,  307  miles  in  length ; 
the  Hocking,  50  miles;  the  Miami,  178  miles;  the  Sandy  and 
Beaver,  76  miles ;  and  the  Mahoning,  ']']  miles  in  length. 

Ohio,  Indiana  and  Illinois  have  a  total  of  1086.9  niiles,  while 
Alabama  and  Louisiana  have  together  151  miles  of  canals. 

The  Pennsylvania  system,  extending  from  the  head  of  the 
Chesapeake  Bay  to  Pittsburg,  was  a  combination  of  canal  and  rail- 
way, and  that  part  between  Harrisburg  and  Pittsburg  was  substan- 
tially adjacent  to  the  route  now  followed  by  the  Pennsylvania  Rail- 
road. 

The  Schuylkill  and  Lehigh  systems  were  essentially  slack- 
water  navigations,  involving  many  dams  in  the  rivers  and  locks  at 
the  dams. 

The  Erie  Canal  and  its  branches,  as  first  constructed,  had  gen- 
erally a  surface  width  of  40  feet  and  depth  of  4  feet,  and  locks  of  90 
feet  length  and  15  feet  width,  and  accommodated  boats  of  80  tons 
burden. 

The  Lehigh  had  a  depth  of  5  feet  and  locks  100  by  20  feet,  and 
accommodated  boats  of  100  tons. 

The  Chesapeake  and  Ohio  Canal  had  a  depth  of  6  feet  and 
locks  100  by  15  feet,  and  accommodated  boats  of  150  tons. 

The  Illinois  and  Michigan  Canal  had  a  depth  of  6  feet,  and 
accommodated  boats  of  150  tons. 

The  Erie  has  been  twice  enlarged,  and  the  New  York  State 
authorities  are  to-day  discussing  the  proper  amount  of  appropria- 
tion,  whether  $22,000,000   for  another  moderate  enlargement   or 
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J{^62,ooo,(XX)  for  a  CdiisiilrraMr  riilarj^riiKMil  of  the  \\v\c  ("anal  prism 
ami  locks. 

In  January,  lyoo,  the  ciniiK'iil  Xew  \'ork  State  Commission, 
already  mentioned,  reported  on  two  projects  of  enlarg^ement.  One 
project  proposed  to  deepen  tlic  canal  prism  to  9  feet  and  adapt  its 
locks  to  pass  boats  of  450  tons  Imrdcn,  at  a  cost  of  $21,161,645,  ^^"^1 
the  other  project  recommended  was  to  deepen  the  prism  to  12  feet 
and  increase  the  locks  so  as  to  pass  boats  with  a  cargo  capacity  of 
1000  tons  each,  at  a  cost  of  $58,894,668. 

The  commission  sug'gested  pneumatic  or  other  mechanical  lifts 
at  Cohoes  and  Lockport,  as  substitutes  for  the  groups  of  locks  at 
those  sites. 

Our  limitations  as  to  time  permit  only  brief  mention  of  the 
Canadian  Lachine,  Welland  and  Sault  Ste.  Marie  Canals,  because 
they  should  be  classed  among  ship  canals,  and  therefore  not  strictly 
within  our  present  province.  For  the  same  reason  we  can  only 
mention  in  general  terms  the  American  Sault  Ste.  Marie  Canal, 
which  surpasses  all  others  in  dimensions  of  locks  and  in  amount  of 
traf^c. 

Slide  Gate  Locks. — One  of  the  first  American  examples  of 
rolling  lock  gates  was  completed,  in  1885,  ^t  the  Davis  Island  dam 
on  the  Ohio  River,  five  miles  below  Pittsburg.  The  lock  is  600  feet 
long^  and  no  feet  wide.  Each  gate  is  opened  by  rolling  it  into  a 
pocket  at  one  side  of  the  canal.  A  quadrant  gate  is  proposed  for  the 
head  gate  of  the  lock  on  the  Mississippi  River  between  Minneapolis 
and  St.  Paul.  This  gate  is  80  feet  wide,  and  is  to  be  raised  by  pres- 
sure from  the  water  above  the  lock,  somewhat  after  the  manner  of 
operating  bear-trap  dams. 

Inclined  Plane  Lifts. — For  nearly  three  hundred  years  after 
its  invention,  in  Italy,  the  two-gate  lock  was  uniformly  adopted  in 
new  canal  constructions.  Then  inclined  planes  were  introduced  in 
a  few  high  lifts.  A  conspicuous  example  in  our  own  country  is  on 
the  Morris  and  Essex  Canal  in  New  Jersey.  This  canal  extends 
from  the  Jersey  Flats  through  Newark  and  over  the  hills  to  the 
Delaware  River  at  Easton.  This  canal  has  23  inclined  planes,  with 
average  lift  or  fall  of  58  feet,  thus  covering  1334  feet  of  rise  and 
fall,  while  an  additional  223  feet  of  rise  and  fall  is  overcome  by 
locks  of  low  lift.  The  boats  constructed  for  this  canal  were  81 
feet  wide  and  60  to  80  feet  long,  and  of  25  to  30  tons  burden,  but 
not  exceeding,  with  maximum  load,  50  tons  weight. 

There  w'ere  twin-lock  chambers  at  each  end  of  the  incline,  and 
a  track  similar  to  a  railway  track  extended  through  the  lower  locks 
uj)  the  inclinr  ami  through  lo  the  end  of  the  upiier  locks.     A  truck. 
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similar  to  a  railway  platform  car,  but  lower,  was  run  into  the  lock 
before  the  boat  entered.  IMiis  truck  was  nearly  as  long  as  the  boat, 
and  rested  at  each  end  on  a  group  of  four  flanged  wheels.  On  top 
of  each  side  of  the  truck  floor  w^as  a  truss  to  stiffen  the  floor.  This 
truss  extended  a  little  higher  than  the  gunwale  of  the  boat.  After 
the  boat  had  entered  the  lock,  it  floated  over  the  truck  and  was  made 
fast  to  it.  A  chain,  securely  attached  to  the  frame  of  the  truck  at 
one  end,  extended  over  a  windlass  at  the  top  of  the  incline  and  to 
the  twin  truck.  IJy  aid  of  ])()wer,  apjilied  to  the  windlass,  the  car 
and  boat  were  quickly  hauled  up  or  lowered  down  the  incline,  when 
the  water  floated  the  boat  off  from  the  car  and  the  boat  proceeded 
on  its  regular  journey. 

On  the  Chesapeake  and  Ohio  Canal,  an  inclined  plane  high  lift 
was  constructed  to  pass  boats  from  and  to  the  Potomac  River. 
This  was  Icicated  about  one  mile  alcove  Georgetown,  and  was  of  lift 
equivalent  to  the  five  locks  at  Georgetown. 

The  Monckland  Canal,  near  Glasgow,  has  a  conspicuous 
example  of  an  incline  sloping  one  in  ten,  and  with  a  vertical  lift  of 
98  feet.  Each  truck  runs  on  twenty  wheels,  and  its  tank  is  70  feet 
long,  13^'  feet  wide  and  2^  feet  deep.  The  weight  of  each  car- 
riage, with  water  and  boat,  is  about  80  tons,  and  two  are  used, 
counterbalancing  each  other. 

In  the  overland  canal  in  Germany  there  are  inclined  planes  on 
which  boats  of  50  tons  weight  are  handled. 

Another  class  of  canal  inclined  planes  in  Germany  is  known  as 
Greve's  Lock.  This  consists  of  two  inclined  channels,  side  by  side, 
sloping  I  in  10,  with  very  smooth  walls  and  floors.  This  double 
channel  unites  two  canal  levels,  and  has  gates  at  the  upper  level. 
When  a  boat  is  to  ascend,  it  is  first  floated  into  the  foot  of  one  chan- 
nel, then  a  movable  valve,  mounted  on  wheels  and  of  the  full  cross- 
section  of  the  channel,  moves  up  behind  the  boat  and  crowds  for- 
ward a  sufiicient  mass  of  water  up  the  inclined  plane  to  float  the 
boat  to  the  upper  level.  At  the  same  time  a  floating  boat  may  be 
similarly  lowered  in  the  twin  channel.  The  two  valves  are  con- 
nected together  by  a  chain  which  passes  over  a  windlass  at  the  head 
of  the  incline.  A  small  surplus  of  water  on  the  side  of  the  descend- 
ing boat  overcomes  the  frictions  of  the  moving  valves. 

Canal  Aqueducts. — The  Chirck  aqueduct,  on  the  Ellesmere 
Canal  in  North  Wales,  is  an  excellent  example  of  bold  and  skillful 
engineering.  This  work  was  planned  by  Telford,  and  was  com- 
pleted in  181 1.  This  granite  arched  aqueduct  of  10  spans  and  its 
high  embankments  cross  the  valley  of  the  Ceriog  River  where  the 
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valley  is  700  feet  wide.     The  water  surface  in  llic  aciueduct  is  70 
feet  above  the  level  of  the  river. 

i'lie  Dec  aquednct.  on  the  same  canal,  is  1007  f<-'ct  in  Icng-th, 
and  Consists  of  an  iron  trous;h  about  12  feet  wide.  This  iron  chan- 
nel is  supported  by  19  arches  and  trusses  on  masonry  piers.  The 
i-nrface  of  the  water  in  the  canal  is  121  feet  above  the  surface  of  the 
ri\er. 

The  Seneca  River  a([ueduct  of  the  Erie  system  has  31  spans  of 
22  feet  clear  opening:.  The  waterway  is  a  timber  channel  53  feet 
wide,  with  6  feet  dei)th  of  water.  The  tow-path  is  carried  on  31 
masonry  arches. 

On  the  Erie  Canal  there  are  two  acjueducts  over  the  Mohawk- 
River.     One  of  these  is  1188  feet  length. 

The  Genesee  aqueduct,  at  Rochester,  is  of  cut  stone  masonry. 
It  is  804  feet  long  and  has  1 1  arches. 

The  Delaware  and  Raritan  Canal  has  12  aqueducts,  and  the 
central  and  western  divisions  of  the  Pennsylvania  Canal  had  a  total 
of  49  aqueducts. 

Canal  Tunnels. — On  the  Leeds  and  Liverpool,  in  England, 
there  is  a  tunnel  4920  feet  long,  18  feet  high  and  17  feet  wide. 

On  the  Birmingham  Canal  there  are  several  tunnels  having  an 
aggregate  length  of  61  miles. 

There  are  several  short  tunnels  on  the  American  canals,  and 
the  layout  of  the  Chesapeake  and  Ohio  Canal  contemplated  a  sum- 
mit tunnel  3^  miles  long,  passing  through  the  crest  of  the  Alle- 
gheny Mountains. 

Canal  Dams. — The  Schuylkill  River  slack  navigation  involved 
the  construction  of  34  dams.  The  central  division  of  the  Penn- 
sylvania Canal  required  18  dams,  and  other  .American  canals  and 
their  feeders  have  required  numerous  dams,  some  of  them  expen- 
sive. 

Hydraulic  Lifts. — Hydraulic  lifts  are  another  substitute  for 
locks  on  transportation  canals,  and  they  have  proved  successful 
and  are  especially  valuable  as  savers  of  lockage  water  and  of  time  in 
lockages  when  there  are  great  differences  of  level  between  two  sec- 
tions of  the  canal.  One  of  the  first  successful  lifts  was  at  Anderton 
in  England,  for  connecting  the  river  Weaver  navigation  with  the 
Trent  and  Mersey  Canal. 

In  this  lift  tnere  is  a  pair  of  metallic  tanks,  each  of  proper  size 
to  receive  a  canal  boat  and  the  water  to  float  the  boat.  Each  tank 
is  mounted  on  a  long  vertical  plunger  of  3  feet  diameter.  Beneath 
the  canal  bed  is  sunk  a  long  cvlinder  into  which  the  plunger  enters 
through  a  stuffing  box,  so  that  the  cylinder  and  plunger  constitute 
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a  hydraulic  ram  or  lift  wliich,  in  this  case,  can  move  vertically  49 
feet. 

When  a  hoat  is  to  pass  from  a  lower  to  an  upper  level,  one  tank 
is  lowered,  so  that  its  lloor  is  level  with  the  bed  of  the  canal.  Its 
end  is  opened  and  a  boat  floats  into  the  tank.  The  end  is  then 
closed,  and  the  boat,  still  floating-  in  the  water-filled  tank,  is  lifted 
49  feet  to  the  upper  level.  The  gate  at  the  other  end  of  the  tank  is 
then  opened  and  the  boat  floats  into  the  upper  level  of  the  canal. 
At  the  same  time  another  boat  may  have  been  lowered  in  the  twin 
tank.  'J'he  tanks  are  so  arranged  that  the  weight  of  one  balances 
that  of  the  other.  There  is  a  group  of  guide  columns  at  each  corner 
of  the  (knible  lift  and  the  tops  of  the  columns  are  connected 
together  by  stiffening  trusses.  A  tank  girder  at  the  top  level  for 
each  tank,  connects  the  lift  tank  with  the  canal  in  the  earth  embank- 
ment. A  small  pumping  plant,  near  the  base  of  the  lift,  gives  the 
hydraulic  pressure  equal  to  38  atmospheres,  which  sustains  the  rams. 
A  small  surplus  of  water  in  the  descending  tank  overcomes  the  fric- 
tion, and  this  slight  difference  in  weight  is  secured  by  drawing  a 
small  quantity  of  water  from  the  tank  which  is  to  ascend.  This 
Anderton  plant  was  erected  in  1875. 

The  Les  Fontinettes  lift,  near  St.  Omer,  in  France,  and  the 
La  Louviere  lift,  on  the  Canal  du  Centre,  in  Belgium,  are  similar  in 
character  to  the  Anderton,  but  are  larger  and  have  two  hydraulic 
plungers  for  each  tank.  There  are  substantial  masonry  guide  piers 
at  Les  Fontinettes. 

The  lift  tanks  at  Anderton  are  'j'j  feet  long  and  15  feet  wide. 
They  have  5  feet  depth  of  water,  and  lift  boats  of  100  tons  burden. 

The  lift  tanks  at  Les  Fontinettes  are  133  feet  long  and  17  feet 
wide.     They  have  6.6  feet  depth  of  water,  and  lift  boats  of  300  tons. 

The  La  Louviere  lift  tanks  are  141  feet  long  and  18.4  feet  wide. 
They  have  8.5  feet  depth  of  water,  and  lift  boats  of  no  tons. 

Their  rams  are  respectively  3  feet,  6.6  feet  and  6.6  feet  diame- 
ter, and  their  vertical  lifts  are  respectively  49  feet,  43  feet  and  55 
feet. 

In  the  "Prussman"  lock  it  was  proposed  to  support  a  lift  tank 
on  five  or  more  submerged  cylinders  under  the  lock.  These  cyl- 
inders were  air-tight  and  contained  sufficient  air  to  support  and 
elevate  the  tank  containing  the  canal  boat  to  be  lifted. 

Pneumatic  Locks. — The  Canal  Board  of  the  State  of  New  York 
proposed  to  use  pneumatic  locks  in  the  improvement  of  the  Erie 
Canal,  and  designs  for  such  locks  were  prepared  by  Chauncey  But- 
ton, C.E.,  in  1895,  for  the  Cohoes  lift  of  144  feet,  and  for  the  Lock- 
port  lift  of  57^  feet. 
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This  system  proposed  also  to  employ  metal  tanks  in  which  the 
boat  is  floated  in  water  as  it  is  elevated.  The  floor  of  the  tank  will 
rest  on  five  or  more  inverted  cylinders,  like  straig-ht-sided  bells, 
which  are  open  at  the  bottom,  but  closed  at  the  top  by  a  tight  con- 
nection with  the  tank  floor. 

When  the  lock  tank  is  down,  the  hollow  cylinders  beneath  the 
floor  project  into  the  water.  When  the  lock  tank  is  to  be  raised,  air 
is  pumped  into  all  these  inverted  bells  or  hollow  cylinders,  which 
are  so  connected  by  pipes  that  there  will  be  uniform  pressure  in  all. 
The  locks  are  in  pairs,  their  pressure  pipes  are  connected  so  that 
each  may  be  equally  buoyed,  and  each  will  sustain  its  tanks  and 
floated  boat.  When  the  tank  lifts  are  to  change  elevations,  a  little 
water  is  withdrawn  from  the  ascending  tank.  A  complete  set  of 
operating  pipes  is  provided,  with  valves  and  controlling  apparatus 
and  with  air  and  water  pumps. 

The  proposed  length  of  each  boat  tank  is  310  feet,  the  water 
width  29  feet,  and  the  water  depth  12  feet.  Each  tank  is  expected 
to  pass  up,  at  one  motion,  two  boats  carrying  each  1350  tons,  or  a 
total  of  2700  tons  of  cargo,  within  ten  minutes  time  between 
arrival  and  departure  of  the  boats,  and  to  pass  down  two  similar 
boats  at  the  same  time. 

Results. — The  construction  of  canals  has  reduced  costs  of 
transportation  of  agricultural  products  and  of  merchandise  of  the 
lake  districts  from  $0.25  per  ton  mile  on  earth  roads  to  $0.00075  P^r 
ton  mile  along  the  water  route  w'hich  our  Northwestern  products 
now  take  to  the  Eastern  markets. 

These  canal  waters  first  made  possible  the  full  settlement  of 
our  lands  on  the  western  slope  of  the  Appalachian  chain,  and  then, 
together  with  lake  navigation,  made  possible,  by  cheapening  trans- 
portation, the  settlements  and  agricultural  developments  of  our 
Middle  and  Western  States.  In  process  of  time  they  have  made 
possible  the  sending  of  the  grain  and  flour  of  the  Northwestern  to 
the  Eastern  States  and  to  Europe. 

These  canals  present  some  most  admirable  examples  of  skillful 
engineering.  The  story  of  the  evolution  of  these  American  canals 
is  also,  in  large  part,  the  story  of  the  evolution  of  the  profession  of 
civil  engineering  in  America,  and  the  record  of  our  predecessors 
along  this  line  is  one  to  which  we  may  turn  with  satisfaction,  with 
professional  admiration  and  with  pardonable  national  pride. 


Editors  reprinting  articles  from  this  journal  are  requested   to  credit  not  only  the 
Journal,  but  also  the  Society  before  which  such  articles  were  read. 
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SUBAQUEOUS  TUN^NELS  FOR  GAS  CONDUITS. 


By   W.   W.    Cum  MINGS,   Member,   Boston    Society  of   Civil   Engineers. 


[Read  before  the  Society,  April  17,  1901.*] 

At  the  first  of  the  year  1899.  in  the  distribution  of  its  gas, 
the  Massachusetts  Pipe  Line  Gas  Company  found  itself  confronted 
by  the  problem  of  three  river  crossings:  The  Mystic  River  at 
Maiden  Bridge,  Charlestown  near  Everett ;  the  Charles  River  at 
the  new  bridge  between  Charlestown  and  Boston  proper,  and  the 
Charles  again  at  the  River  Street  Bridge  between  Cambridge  and 
Brighton. 

The  size  of  the  pipe  at  Maiden  Bridge  was  to  be  54  inches, 
that  at  Charlestown  Bridge  42  inches  and  that  at  River  Street 
48  inches.  It  was  necessary  to  avoid  "pockets"  in  the  pipe,  which 
would  tend  to  obstruct  the  passage  of  the  gas  by  the  collection 
of  water  of  condensation,  and  to  provide  for  the  removal  of  this 
drippage. 

The  pressure  head  in  the  tunnels,  when  passing  gas,  was  liable 
to  vary  from  3  to  12  inches  water  column,  i.e.,  the  problem  was 
to  keep  the  water  out  rather  than  the  gas  in. 

The  requirements  of  the  State  Board  of  Harbor  and  Land 
Commissioners  were  as  follows :  For  the  Maiden  Bridge  the  top  of 
siphon  must  not  be  less  than  23  feet  below  mean  low  water,  and 
the  clear  width  of  draw  opening  must  be  at  least  43  feet;  for  the 
Charlestown  Bridge  the  top  of  siphon  must  not  be  less  than  28  feet 
below  mean  low  water,  and  the  clear  width  of  draw  opening  at 
least  50  feet ;  for  the  River  Street  Bridge  the  top  of  siphon  must 

*Manuscript  received  May  20,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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not  be  less  than  lo  feet  below  mean  low  water,  and  the  clear 
width  of  draw  opening  not  less  than  36  feet. 

This  gave  a  minimum  cover  of  7  feet  at  the  Maiden  Bridge, 
and  none  whatever  at  the  Charlestown  Bridge  or  at  the  River 
Street  Bridge,  so  far  as  the  Harbor  Commissioners  were  concerned. 
As  a  matter  of  fact,  the  legs  of  the  siphons  were  placed  farther 
apart  than  these  requirements,  in  order  to  provide  room  for 
fenders  and  for  working  of  the  draw,  while  the  least  safe  cover  was 
about  8  feet  of  earth.  It  was  also  necessary  to  avoid  obstructing 
the  channel  during  construction. 

It  was  necessary  to  take  into  consideration  the  future  changes 
in  these  bridges,  since,  after  once  connecting  the  various  gas  com- 
panies, it  would  be  disastrous  to  cut  the  supply. 

This  latter  consideration  barred  the  old  Warren  Bridge,  lo- 
cated just  above  the  new  Charlestown  Bridge,  and  rendered  the 
River  Street  Bridge  uncertain,  while  at  that  very  time  steps  were 
being  taken  toward  building,  on  the  Maiden  Bridge  site,  a  new 
structure,  in  which  the  location  of  the  draw  had  a  wide  range 
of  probability.  The  possible  deepening  of  the  channels  had  also 
to  be  taken  into  account. 

At  Maiden  Bridge  a  siphon  in  place  would  cost  $14,000,  and 
the  approach  on  piles  (800  feet  in  length)  $15,000,  fenders  $20,000, 
a  total  of  $49,000  from  bank  to  bank.  Bids  were  received  from 
Charles  Haskin  for  constructing  a  tunnel  and  laying  the  pipe  for 
$33  per  lineal  foot,  the  material  to  be  furnished  by  the  pipe  line 
company.  This  made  a  total  of  about  $50,000  from  bank  to  bank, 
as  against  $49,000  for  the  ordinary  siphon.  This  difference  in 
cost  was  more  than  balanced  by  the  advantages  afforded  by  the 
tunnel,  which  would  be  practically  indestructible,  independent  of 
the  changes  in  highway  traffic  and  navigation,  and  free  from  lia- 
bility to  accident  and  need  of  repairs. 

At  the  Charlestown  Bridge  two  siphons  would  have  been 
necessary,  if  constructed  in  the  ordinary  way,  at  a  cost  of  about 
$24,000  and  $10,000  for  the  extra  fenders,  while  the  bids  for  a 
tunnel  under  the  two  draw  spans  was  $51  per  lineal  foot  for  driving 
the  tunnel  and  $11  per  foot  for  laying  the  pipe  and  concreting,  all 
material  to  be  furnished  by  the  Massachusetts  Pipe  Line  Com- 
pany as  before,  making  a  total  of  $36,000,  as  against  $34,000  for 
the  ordinary  siphons.  At  this  time  the  advantages  of  a  tunnel 
were  so  obvious  that  it  was  determined  to  use  that  construction 
here  also. 

About  April  i,  1898,  the  Maiden  Bridge  Tunnel  was  started 
with  a  time  limit  for  completion  set  at  August  i  the  same  year,  and 
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contracts  were  made  for  the  completion  of  the  other  two  a  month 
later.  Septemher  i  heinfj  the  time  set  for  turning-  gas  into  the 
mains.  As  a  matter  of  fact  the  Maiden  and  Charlestown  Tun- 
nels were  completed  about  December  i,  1899. 

Three  methods  were  suggested  in  the  design  of  the  tunnels. 
In  all  of  these  the  tubular  casing  by  wooden  lagging  (a  method 
originated  In  the  contractor,  Mr.  Charles  Haskin,  and  described 
later)  was  considered. 

One  plan  was  to  line  the  lagging  with  brick  masonry  laid 
under  compressed  air,  and  to  lay  the  pipe  or  pipes  on  blocking,  free 
and  open  to  inspection,  repair  and  possible  future  additions.  Had 
the  fluid  to  be  carried  been  water  instead  of  gas,  the  convenience 
undoubtedly  would  have  outweighed  the  possible  extra  cost.  As 
it  was,  the  advisability  of  avoiding  anything  that  might  be  con- 
verted into  a  gas  pocket  prevented  such  constructions,  while  the 
rigidity  of  the  structure  was  best  obtained  by  making  it  one  solid 
piece,  as  by  filling  the  space  between  the  pipe  and  the  lagging. 

In  sinking  the  shafts  it  was  proposed  to  use  ordinary  sheath- 
ing until  the  water  should  be  reached,  and  from  that  point  to 
sink  a  steel  tubular  casing  by  means  of  compressed  air. 

At  the  Maiden  Bridge  wash  borings  were  made  and  compared 
with  those  of  the  Metropolitan  Sewerage  Commission,  which  had 
driven  a  tunnel  a  few  feet  to  the  east.  It  might  be  said  here  that 
in  all  cases  these  borings,  although  made  by  a  responsible  firm, 
were  chiefly  remarkable  for  their  unreliability. 

The  first  shaft  was  sunk  on  the  Everett  side  of  the  Maiden 
Bridge,  as  near  the  abutment  as  the  retaining  wall  would  allow. 
After  going  about  6  feet,  the  steel  caisson  was  erected  and  sunk 
in  the  ordinary  way  (see  Plate  A,  Fig.  3),  paving  stones  being 
placed  on  the  shelf  at  a  and  the  excavation  carried  on  under  the 
cutting  edge  b.  The  casing  was  kept  plumb  by  varying  the  exca- 
vation and  also  by  such  guides  as  might  be  used  at  the  top.  The 
caisson  was  extended  by  removing  the  air  lock  and  inserting  a  10- 
foot  section,  caulking  the  flanged  joints  when  necessary. 

This  shaft  was  46  feet  deep  43  feet  below  high  water,  at  which 
times,  of  course,  the  air  pressure  was  about  23  pounds. 

The  steel  casing,  shown  also  in  Plate  A,  was  made  of  ^^-inch 
boiler  plates  riveted  to  a  3-inch  angle  iron,  which,  with  the  corre- 
sponding angle  iron  of  the  next  section,  formed  a  flanged  joint  that 
was  made  up  with  red  lead  and  caulked  where  necessary.  Th^ 
inner  diameter  of  the  tubing  was  7  feet  and  the  length  of  a  sec- 
tion was  generally  10  feet,  each  section  weighing  about  4000 
pounds. 
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The  cutting  edge  was  made  on  the  first  section  by  placing  a 
wide  flange  2  feet  back  from  the  bottom  and  staying  it  with 
brackets  as  shown  at  a.  On  this  shelf  the  paving  stones  were 
placed,  to  balance  the  upward  pressure  of  the  air  and  to  furnish  a 
downward  thrust  at  the  cutting  edge.  Stones,  piles,  sunken  tim- 
ber, etc.,  were  broken  up  and  taken  out  through  the  lock. 

When  material  sufficiently  compact  to  prevent  the  escape  of 
the  air  was  reached  the  sinking  of  the  caisson  was  stopped,  and 
the  lagging  was  carried  down  the  shelf,  as  shown  in  Fig.  4, 
Plate  A. 

This  lagging  consisted  of  circular  segments  6  inches  wide, 
sawn  from  2-inch  plank  and  having  an  outer  diameter  of  7  feet. 
There  were  eight  of  these  segments  to  a  ring,  and  they  were 
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Section  A  li  After  Pu^hiag  Ahead 

Before  Puithiny  Aheafi  ^ 

Plate  D. 
Shield  used  in  Driving  Malden  Tunnel,  Mass.  Pipe  Line  Gas  Co. 

placed  by  spiking  to  the  previous  work  with  7-inch  spikes,  each 
ring  breaking  joints  with  the  previous  one.  This  construction,, 
which  was  the  same  as  that  used  in  the  tunnel  proper,  was  found 
to  be  exceedingly  rigid. 

A  few  feet  above  the  point  where  the  tunnel  was  to  be  started, 
the  tubular  form  was  changed  and  the  "goose  neck"  was  started. 
This  consisted  in  constantly  lengthening  that  diameter  of  the  shaft 
parallel  to  the  axis  of  the  tunnel,  on  the  side  from  which  it  was 
to  start,  until  room  enough  was  obtained  to  turn  a  54-inch  pipe, 
8  feet  long,  into  the  tunnel  by  a  method  similar  to  that  shown 
in  Plate  B,  Fig.  5.  In  this  goose  neck  the  sides  were  neces- 
sarily flat,  but,  being  surrounded  by  stifif  clay  at  this  shaft,  they 
showed  no  sign  of  weakness.  At  the  Charlestown  tunnel,  how- 
ever, the  material  was  sandy  and  the  side  came  in. 
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The  shaft  was  driven  6  feet  below  what  was  to  be  the  bottom 
of  the  tunnel,  and  4  feet  of  concrete  were  put  in  as  a  foundation 
of  the  pipe  that  was  to  make  the  leg  of  the  siphon  (see  Plate  C). 

The  shaft  on  the  Boston  side  was  then  sunk  in  the  same 
way,  and  the  tunnel  started  from  that  end. 

In  driving  the  tunnel  a  shield  was  used  similar  to  the  Great- 
head  design,  as  shown  in  Plate  D.  The  excavation  was  carried 
about  two^  feet  ahead  of  the  shield  in  good  digging,  and  the 
latter  was  pressed  forward  by  the  hydraulic  jacks  a  a  bearing 
directly  against  the  lagging.     This  served  a  double  purpose,  push- 


I 


Plate  G. 


ing  the  shield  forward  and  closing  up  the  joints  in  the  lagging, 
although,  as  the  lumber  was  thoroughly  dry  when  placed,  it  was 
found  that  the  swelling  of  the  wood  made  very  tight  work.  The 
lagging  was  given  a  wash  of  cement  after  it  was  placed,  and 
such  leaks  as  showed  were  caulked  with  w^ooden  wedges  and  yarn, 
and  by  feeding  dry  cement  into  the  holes,  the  escaping  air  under 
pressure  carrying  the  cement  wnth  it.     (See  Plate  G.) 

North  of  the  draw  the  tunnel  ran  beneath  an  ice  guard,  as 
shown  on  the  general  plan,  Plate  C,  and  the  bottom  of  the  piles 
had  to  be  cut  off  in  the  headinq-.     This  occasioned  no  great  hard- 
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ships,  while  the  driving  was  in  clay,  but  about  three-quarters  of 
the  way  across  the  river  a  streak  of  silt  and  sand  was  struck, 
which,  being  only  7  feet  thick  between  the  top  of  the  tunnel  and 
the  bottom  of  the  river,  followed  the  piles  into  the  heading  and 
stopped  the  work. 

Poling  planks  were  driven  ahead,  similar  to  those  shown  in 
Fig.  6,  Plate  B,  and  cut  so  that  the  ends  could  be  worked  back 
on  the  cutting  edge  of  the  shield.  Gunny  sacks,  filled  with  horse 
manure,  sawdust,  etc..  were  thrust  into  the  cavities,  and,  as  soon 
as  the  holes  were  plugged,  they  were  quickly  plastered  with 
clay.  The  material  ahead  was  then  excavated  and  the  shield 
pushed  forward.  The  surrounding  material  was  so  soft  and  un- 
stable that  the  lateral  movement  of  the  shield  was  scarcely  con- 
trollable, the  whole  structure  moving  toward  the  side  that  caved 
in. 

As  a  whole,  however,  after  the  soft  material  was  passed  and 
the  transit  line  extended,  the  headings  met  within  0.42  inch.  The 
tunnel  was  allowed  to  fill  with  water  and  to  remain  filled  for  a 
few  days,  to  give  the  woodwork  a  chance  to  swell  and  to  permit 
the  silt  to  pack  about  the  lagging. 

To  a  great  extent  this  closed  the  remaining  leaks,  so  that  a 
No.  5  3-inch  pulsometer  easily  kept  the  water  down  after  the  air 
pressure  was  removed.  After  pumping  the  tunnel  out,  a  cross- 
section  was  taken,  and  this,  compared  with  one  taken  before, 
showed  that  the  tunnel  had  flattened  about  5^  inch,  thus  proving 
that  the  lagging  would  not  be  permanent  of  itself. 

In  giving  the  line  of  the  tunnel  the  distance  between  the  shafts 
was  triangulated  and  the  direction  transferred  to  the  tunnel  by 
means  of  two  wires  which  passed  through  holes  tapped  in  the 
air  lock.  This  gave  a  base  line  about  4  feet  long,  which  was 
produced  into  the  heading  by  means  of  nails  in  the  roof  of  the 
tunnel. 

In  this  tunnel  it  was  decided  to  lay  pipe  54  inches  in  diameter, 
8  feet  long,  with  turned  and  bored  joints,  as  shown  in  Plates  E 
and  F.  The  pipes  were  lowered  in  the  shaft  on  the  Boston  side 
of  the  tunnel,  turned  on  a  pair  of  skids  in  the  goose  neck,  the 
same  as  shown  in  Plate  B,  Fig.  5,  and  drawn  through  by  an 
engine  at  the  other  shaft.  A  piece  of  timber  was  fastened  to  the 
tunnel,  and  the  joints  were  forced  home  by  a  hydraulic  jack  which 
rested  against  it. 

The  joints  were  first  smeared  with  sal-ammoniac,  but  it  was 
found  impossible  to  get  them  tight,  as  the  turning  was  more  or 
less  irregular,  and  what  sal-ammoniac  was  not  washed  ofif  by  the 
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water,  refusetl  to  rust  as  it  did  on  top.  Instead  of  rust,  a  soft 
black  coatiiif^  formed  on  tlie  metal,  presumal)ly  due  to  the  sul- 
phuretted hydrojT;'en  which  was  present,  and  when  this  was  wiped 
off  the  metal  was  left  ckan  and  smooth. 

The  leaky  joints  were  caulked  with  copper  wire,  dry  shingles, 
jute,  cold  lead  and  anything  that  best  suited  the  particular  leak, 
and  the  joints  were  tilled  flush  with  Roman  Orchard  cement. 
(Plate  F.) 

Between  the  pipe  and  the  lagging  was  a  space  varying  from 
nothing,  where  the  lagging  was  cut  out  to  improve  the  alignment, 
to  6  inches  at  a  point  diametrically  opposite.  This  space  it  was 
proposed  to  fill  with  grout  under  pressure. 

An  expert  with  "experience"  submitted  a  bid  for  doing  this 
bv  forcing  a  mixture  of  lime  and  cement  into  the  cavitv.     This  was 


Plate  F. 
Taper  Jointed  Pipe  used  in  Malden  Tunnel,   Mass.  Pipe  Line  Gas  Co. 

Scale  i  :  4. 

guaranteed  to  do  the  work,  the  lime  being  "greasy"  and  acting 
as  a  carrier  for  the  cement.  ]\Ieanwhile  the  engineers  made  a 
series  of  ex])eriments  as  to  the  action  of  dififerent  cements  and 
mixtures  under  conditions  similar  to  those  on  the  work.  In  each 
case  grout  was  made,  and  poured  into  a  pan  containing  salt  water. 
All  the  cements  to  which  lime  had  been  added  remained  like  so 
much  mud ;  some  of  the  cements  with  high  records  caked  like 
dirt,  while  some  of  the  cheaper  low-grade  cements  took  a  quick 
initial  set,  which,  of  course,  was  what  was  wanted  in  this  case. 
It  was  found  that  one  brand  of  cement,  into  which  steam  was 
turned,  became  soft  and  slipj^ery  like  paste  and  set  very  quickly. 
A  jet  of  steam,  acting  cjn  the  principal  of  an  injector,  was  ac- 
cordingly used,  the  grout  being  mixed  in  a  trough  at  the  top 
of  the  shaft  and  carried  down  by  1 5^ -inch  pipes.      (See  Plate  C.) 
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In  laying  the  54-inch  pipes,  bulkheads  had  been  built  between 
the  pipe  and  the  lagging  every  25  feet  or  more.  Each  length  of 
this  pipe  had  a  hole  for  a  ^-inch  pipe  tapped  in  its  top,  and  into 
these  holes  the  grouting  pipes  were  successively  introduced,  the 
progress  of  the  grouting  being  watched  through  the  holes  in  the 
succeeding  pipes,  and  these  holes  being  plugged  when  the  grout 
began  to  appear. 

The  steam  jet  was  in  the  shaft,  and  as  the  reach  from  it  to  the 
introducing  hole  became  greater  and  the  time  of  changing  forward 
became  longer,  the  injector  became  plugged  with  cement  and  was 
finally  abandoned,  the  pressure  due  to  the  height  of  the  mixing 
trough  being  used  and  the  pipe  washed  out  with  clean  water 
after  each  succeeding  run.  When  the  distance  became  too  great 
to  get  the  desired  pressure  by  this  method,  the  grout  was  mixed  in 
the  tunnel  and  injected  by  means  of  a  force  pump. 

From  time  to  time  the  plugs  were  withdrawn  from  the  top 
of  the  tunnel,  and  the  grout  cut  through  with  a  drill  to  determine 
its  set  and  fill.  The  best  results  were  obtained  when  the  steam 
jet  was  used,  the  cement  seeming  to  have  swollen  in  setting. 

Where  the  cavity  was  not  entirely  filled,  the  force  pump  was 
used  to  finish  the  work.  In  the  shafts  the  pipes  were  concreted  as 
fast  as  placed,  the  steel  casing  being  left  in. 

In  driving  the  tunnel  the  water  was  taken  care  of  by  two 
4-inch  pulsometers,  and  by  two  steam  ejectors  rigged  tandem; 
that  is,  one  at  the  bottom  of  the  shaft  and  one  halfway  up. 

On  the  completion  of  the  tunnel  the  water  of  condensation  and 
leakage  amounted  to  4^  barrels  per  day. 

The  tunnel  was  finished  December  i,  1899,  and  gas  was 
turned  on  about  December  3.  The  drippage  decreases  to  2^/^ 
barrels  a  day  in  summer  and  increases  to  193/^  barrels  a  day  in 
winter. 

The  Charlestown  Tunnel  was  commenced  as  soon  as  the  air 
lock  could  be  spared  from  the  Maiden  Tunnel.  The  dimensions 
and  form  of  this  tunnel  are  shown  in  Plate  H. 

The  shafts  were  sunk  in  midstream  from  temporary  platforms, 
and  did  not  differ  materially  from  those  of  the  Maiden  Tunnel. 

For  convenience  in  handling  the  water  in  working  from  both 
shafts  at  once,  the  summit  was  placed  between  the  shafts.  This 
tunnel  was  driven  without  a  shield,  under  an  air  pressure  of  28 
pounds,  the  clay  being  stiff  enough  to  maintain  the  heading  ex- 
cept in  one  part  where  gravel  was  encountered  in  the  roof.  Here 
poling  boards,  horse  manure,  etc.,  were  used,  as  in  the  Maiden 
Tunnel,  except  that  the  poling  planks  were  worked  back  on  the 
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lao-s>-ing  when  cut  off,  instead  of  the  shield  as  in  that  tunnel.      (See 
Plate  B,  Fig.  6.) 

The  goose  neck  was  turned  in  less  favorable  material  in 
this  tunnel,  and  on  removing  the  bracing  the  flat  side  broke  in. 
After  ineffectual  attempts  to  patch  it,  a  concrete  lining  was  placed, 
as  thick  as  would  allow  the  introduction  and  turning  of  the  pipe. 
These  were  common  bell  and  spigot  pipe,  12  feet  long,  and  were 
made  up  with  cement  joints. 

The  pipe  was  placed  in  the  shaft  on  the  Boston  side  first, 
and  the  concrete  was  brought  up  to  the  top  of  the  steel  caisson. 
The  tunnel  pipe  was  then  started  at  that  shaft  and  laid  toward 
the  Charlestown  side. 

A  3-inch  pipe,  provided  with  open  tees,  was  suspended  in 
the  roof  of  the  tunnel,  and  each  length  of  42-inch  pipe  was  con- 
creted as  it  was  placed.  The  concrete  was  mixed  over  the  shaft 
and  dropped  through  a  chute  to  a  car  that  ran  inside  the  pipe 
already  laid,  and  was  then  dumped,  remixed  and  rammed  by  men 
standing  alongside  of  the  pipe.  (See  Plate  I.)  Around  the 
joints  the  concrete  was  made  stronger,  and  greater  care  was  used  to 
make  it  impervious  to  water. 

When  the  pipes  were  all  laid  and  concreted,  the  3-inch  pipe 
in  the  roof  was  flushed  with  grout. 

The  shafts  were  protected  by  circular  fenders,  and  also  bv 
outer  channel  fenders  as  shown  by  Plate  H. 

This  tunnel  was  completed  about  January  i,  1900.  It  is  the 
best  one  of  the  three,  the  only  objection  being  the  necessity  of 
pumping  two  drips. 

In  the  River  Street  Tunnel,  Plates  J  and  K,  the  Brighton  shaft 
was  sunk  90  feet,  and  the  Cambridge  shaft  60  feet.  It  was  com- 
menced by  sinking  the  Cambridge  shaft  without  the  steel  caisson 
and  running  the  tunnel  in  80  feet  without  compressed  air.  At 
that  point  the  clay  changed  to  a  vein  of  sand,  and  the  heading 
came  in,  filling  the  tunnel  for  40  feet  and  destroying  the  cross- 
section. 

The  Brighton  shaft  was  then  sunk  to  a  depth  of  90  feet  before 
enough  clay  was  found  to  turn  a  goose  neck.  The  old  shield 
could  not  be  used,  because  it  was  not  large  enough,  and  on  ac- 
count of  the  scarcity  of  steel  it  would  have  taken  too  long  to  pro- 
cure a  new  one.  As  matters  turned  out  it  would  have  been  better 
to  wait  for  a  shield,  but  the  borings  seemed  propitious  and  a  head- 
ing was  started. 

The  enormous  head  made  36  pounds  air  pressure  necessary  and 
also  greatly  increased  the  leakage,  as  much  as  1,000,000  gallons 
daily  being  pumped  by  three  Knowles  5-inch  pumps. 
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After  going  a  short  way,  the  roof  material  changed  to  sand 
and  continued  so  to  the  completion  of  the  tunnel.  "Cave-ins" 
and  "breakdowns"'  were  of  everyday  occurrence,  and  every  in- 
centive was  used  to  keep  the  men  at  work. 

Negroes  were  worked  in  one  heading  and  white  men  in  the 
other,  pitted  against  each  other  as  to  courage  and  record ;  extra 
time  was  given  and  shifts  shortened,  but  under  the  heavy  pres- 
sure, with  the  temperature  at  105°  and  the  slow  laborious  methods 
necessary  in  the  uncertain  heading,  progress  was  very  slow,  and 
it  was  only  the  indomitable  courage  of  the  contractor  that  carried 
the  work  to  a  successful  completion. 

The  general  method  of  procedure  was  as  shown  in  Plate  E, 
Fig.  5.  Poling  planks  were  driven  ahead,  a  couple  of  feet  of  the 
sand  was  excavated,  the  surface  was  smeared  with  clay  to  hold  the 
air  and  a  bulkhead  was  thrown  across.  The  clay  bottom  was  then 
excavated,  the  lagging  brought  forward  and  a  new  start  made  in 
the  sand.  Progress  was  from  one  to  three  feet  a  shift  in  each 
heading. 

The  results  in  alignment  were  such  that  it  was  necessary  to 
make  two  offsets  of  2  feet  each,  to  keep  the  transit  line  in  the  tun- 
nel.    Nevertheless  the  closing  error  was  less  than  0.05  foot. 

The  lagging  was  lathed  and  plastered  with  cement,  and  about 
6  inches  of  concrete  was  placed  in  the  bottom  while  the  air  pres- 
sure was  still  on.  The  air  lock  was  then  removed,  and  six  12-foot 
lengths  of  48-inch  pipe,  with  the  drip,  were  lowered  in  the  Cam- 
bridge shaft,  the  lock  was  replaced,  and  these  were  hauled  through 
to  the  Brighton  shaft  (see  Plate  B,  Fig.  5),  where  two  lengths 
W'ere  supported  in  the  shaft  while  the  drip  was  set  and  concreted. 
These  two  pipes  were  then  set  and  concreted,  and  a  6-inch 
drain  pipe  was  laid  in  the  concrete  connecting  the  tunnel  with 
that  part  of  the  shaft  above  the  pipe.  The  five  other  lengths 
were  laid  from  the  drip  in  the  tunnel,  and  the  6-inch  drain  pipe 
was  continued  beneath  them.  Owing  to  the  rapid  rise  in  the  tun- 
nel, shown  in  Plate  K,  this  had  the  effect  of  materially  reducing 
the  head,  and  when  six  more  pipes  were  laid  in  the  tunnel  in  the 
same  way,  an  attempt  was  made  to  proceed  without  the  air  pres- 
sure. 

There  was  too  much  leakage,  however,  for  the  three  pumps  in 
the  Brighton  shaft,  and  there  was  no  room  for  more  pumps. 
Moreover  the  pumps  or  their  connections  were  continually  break- 
ing down  and  it  was  decided  to  lay  the  pipe  under  pressure. 

The  general  methods  were  about  the  same  as  those  used  in 
the  Charlestown  Tunnel,  except  the  plastering  of  the  lagging,  the 
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laying-  of  the  6-inch  drain  and  the  handlinj^  of  the  concrete.  The 
concrete  was  mixed  on  top,  lowered  throus^h  the  air  lock  in  canvas 
bags,  twelve  or  sixteen  at  a  trip,  and  wheeled  to  the  point  of  laying 
in  three  or  four  barrows,  four  bags  filling  one  barrow.  As  each 
man  dumped  his  load,  he  wheeled  his  empty  barrow  into  the  pipe 
to  make  room  for  the  man  behind  him. 

The  proportions  of  the  concrete  were :  i  cement,  2j!^  sand,  5 
broken  stone.  In  two  hours  this  set  sufficiently  to  permit  walking 
over. 

.As  a  rule  three  8-hour  shifts  of  9  men  each  were  employed  in 
driving  the  tunnel,  and  progress  was  about  three  feet  each  shift. 

In  laying  and  concreting  the  pipe,  there  were  two  11 -hour 
shifts  of  from  11  to  13  men,  averaging  one  pipe  each  shift.  There 
were  eight  batches  of  concrete  to  each  length  of  pipe.  The  men 
received  23  cents  an  hour  when  working^  under  pressure. 

The  plant  included  3  locomotive  boilers,  2  upright  boilers,  one 
5-drill  and  one  4-drill  unjacketed  compressor,  and  one  14-inch 
and  one  lo-inch  jacketed  compressor,  one  6-inch  and  three  5- 
inch  steam  pumps  at  75  pounds  and  no  pounds  steam  pressure, 
respectively,  three  3-inch  pulsometers  and  two  4-inch  ejectors. 

As  in  the  other  tunnels,  all  joints  on  the  inside  of  the  pipe 
were  filled  flush  with  cement. 

The  cost  of  the  Maiden  Tunnel  was  $35.34  per  lineal  foot 
for  driving  the  tunnel,  $15.50  per  lineal  foot  for  the  pipe  and 
$4.80  per  lineal  foot  for  laying  the  pipe  and  grouting,  or  $55.64 
per  lineal  foot  complete. 

On  the  Charlestown  tunnel  the  cost  was  as  follows :  Driving 
and  fenders,  $87.45  per  foot ;  pipe,  $4.35  per  foot ;  laying,  $9.60 
per  foot;  total  cost,  $101.40  per  foot. 

The  quantities  were  as  follows  :  Concrete,  420  cubic  yards  ;  42- 
inch  pipe,  85  tons ;  cement,  260  barrels,  at  $2.35  to  $2.75 ;  sand, 
200  tons,  at  70  cents;  stone,  600  tons,  at  $1. 

At  River  Street  Tunnel  the  cost  was  as  follows :  Driving, 
$48.84  per  foot;  laying,  $45.45  per  foot;  pipe.  $5.36  per  foot;  total 
cost,  $99.65  per  foot. 

The  quantities  were:  Concrete,  560  yards;  stone,  1303  tons,  at 
$1.10;  sand,  97  loads,  at  $r.6o;  48-inch  pipe,  169  tons;  cement, 
859  barrels,  at  $2.35  to  $2.75. 

Cost  of  labor  on  concrete  in  tunnel  about  $5  i)er  cubic  yard. 
Cost  complete  of  concrete  in  tunnel  about  $9  per  cubic  yard. 

While  driving  the  River  Street  Tunnel,  owing  to  its  uncertain 
termination,  it  became  necessary  to  lay  a  temporary  pipe  on  the 
River  Street  Bridge  and  to  sink  a  small  siphon  at  the  draw.     A 
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20-inch  pipe  was,  therefore,  laid  on  the  bridge,  and  a  siphon,  made 
from  1 2-inch  threaded  wrought  iron  pipe,  was  sunk  through  the 
bridge  by  cutting  holes  4  feet  square  for  the  legs  of  the  siphon, 
lowering  them  through  and  connecting  up  with  the  extension  piece 
before  sinking  them  into  the  water. 

The  whole  work  was  done  and  gas  was  flowing  inside  of  six 
days  from  ordering  the  stock.  The  little  pipe  was  eminently  suc- 
cessful, there  being  only  a  head  of  i  inch  water  pressure  lost  in 
passing  the  siphon,  and  the  pipe  was  easily  removed  when  the 
tunnel  was  completed. 

The  amount  of  gas  passed  at  that  time  was  2,500,000  feet  per 
diem,  and  the  pressure  was  7  inches  to  10  inches  water  column. 

The  choice  between  driving  a  tunnel  and  sinking  a  siphon 
is  naturally  governed  by  the  location.  Where  the  requirements 
of  depth  and  width  are  great  and  the  obstruction  to  navigation 
while  sinking  the  siphon  is  serious,  especially  in  the  case  of  a 
double  draw,  the  tunnel  is  cheapest  in  any  ground.  The  same  may 
be  true  of  a  single  draw  in  good  ground.  Where  the  pipe,  for  any 
cause,  cannot  be  supported  by  the  bridge,  and  the  approaches  are 
exposed  to  ice  and  heavy  shipping  (a  condition  requiring  strong 
fenders)  and  where  the  earth  is  propitious,  it  may  be  cheaper  to 
tunnel  the  entire  river,  as  was  done  at  Maiden  Bridge. 

Where  the  channel  may  be  obstructed  by  temporary  piling, 
and  where  the  requirements  as  to  preserving  the  channel  are  not 
burdensome,  a  siphon  is  undoubtedly  the  cheapest,  as  in  the  cross- 
ing of  Island  End  River,  now  under  way.  It  is  needless  to  say  that 
a  tunnel  is  ahvays  the  best. 

In  these  tunnels  it  has  been  demonstrated  that  in  good  clay, 
and  in  good  clay  only,  a  tunnel  can  be  advantageously  driven 
without  a  shield  under  compressed  air ;  that  the  segmental  lagging, 
as  used  by  Mr.  Haskin,  is  an  easy,  economical  and  stable  method ; 
that  breaks,  even  in  bad  ground,  are  neither  necessarily  dangerous 
nor  prohibitively  difficult ;  that  a  large  tunnel,  with  concrete  between 
the  pipe  and  the  lagging,  although  more  costly  than  a  smaller 
tunnel  grouted,  makes  much  tighter  work ;  that  turned  and  bored 
joints  are  a  delusion  and  a  snare;  that  it  pays  to  point  up  the 
joints  on  the  inside  of  the  pipe  with  cement ;  that  cement  joints  give 
the  best  results,  and  are  the  cheapest  and  most  convenient ;  that 
lathing  and  plastering  the  lagging  with  cement,  while  under  com- 
pressed air,  is  an  advantage. 

Mr.  G.  H.  Finn  is  the  general  manager  and  Mr.  L.  J.  Hirt 
was  the  chief  engineer  of  the  Massachusetts  Pipe  Line  Company. 
W.  E.  Silsbee  had  immediate  charge  of  the  Maiden  and  Charles- 
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town  Tunnels,  while  E.  C.  Hayden  had  immediate  charge  of  the 
River  Street  Tunnel. 

DISCUSSION. 

Mr.  Howard  A.  Carson. — I  have  been  very  much  interested 
indeed  in  the  paper  which  has  been  read  to-night.  It  recalls  the 
experiences  of  myself  and  those  associated  with  me  some  years  ago 
when  I  was  engineer  of  the  Metropolitan  Sewerage  System.  All 
that  is  ancient  history  now,  but  I  refer  to  it  at  the  request  of  the 
President  and  Secretary.  The  author  has  alluded  to  the  tunnel 
crossing  near  the  Maiden  Bridge  beside  the  new  gas  tunnel.  On 
that  there  were  some  interesting  experiences.  Mr.  Haskin  was 
connected  with  that.  During  one  serious  blow-out  the  men  were 
compelled  to  leave  the  tunnel,  and  the  whole  tunnel  was  filled  with 
water  in  about  an  hour.  This  tunnel  was  at  one  point  so  close  to 
the  bed  of  the  stream  that,  among  other  experiences,  was  the  find- 
ing of  a  human  skeleton  in  the  mud  at  the  top  of  the  tunnel. 

The  engineer  of  to-day,  tunneling  under  deep  beds  of  water, 
is  very  much  more  fortunately  placed  than  those  of  a  generation 
ago,  before  compressed  air  for  tunneling  was  brought  into  use. 
You  have  all  read  of  the  various  attempts  which  were  made  to 
build  a  tunnel  under  the  Thames  early  in  the  last  century,  of  the 
very  slow  progress  and  how  several  of  these  attempts  were  given 
up.  A  long  time  was  used,  seventeen  years,  in  making  the  first 
successful  Thames  tunnel.  The  engineer  now,  if  he  has  occa- 
sion to  go  under  a  stream  of  moderate  depth,  can  make  use  of 
either  of  several  processes. 

In  the  work  on  the  Metropolitan  Sewerage  System  there  were 
six  passages  built  under  tidal  estuaries,  "siphons,"  we  called  them; 
one  on  the  outer  end  of  Deer  Island,  about  eighteen  hundred  feet 
into  the  sea ;  one  under  Belle  Isle  Inlet ;  one  under  Shirley  Gut ; 
one  under  the  Mystic  River,  at  the  point  spoken  of  by  the  author 
this  evening;  one  under  the  Maiden  River,  and  one  under  Chelsea 
Creek.  In  two  of  these  cases.  Belle  Isle  Inlet  and  the  Maiden 
River,  the  cofferdam  process  was  used.  At  Maiden  River,  the 
cofiferdam  was  quite  successful ;  that  is,  there  were  no  serious 
mishaps  of  any  kind ;  the  trench  was  flooded  once,  but  there  was 
no  serious  trouble.  At  Belle  Isle  Inlet,  however,  where  the  coffer- 
dam was  also  tried,  the  process,  as  carried  on,  was  very  unsatis- 
factory, the  trench  being  flooded  many  times.  It  was  finally  neces- 
sary to  make  use  of  somewhat  novel  processes  for  finishing  up  the 
work. 

As  most  of  you  remember,  a  novel  method  was  used  at  the 
outer  end  of  Deer  Island  extending  into  the  sea,  and  in  crossing 
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Shirley  Gut,  in  sinking  and  connecting  large  pipes  made  of  brick 
and  concrete.  In  these  two  cases,  so  far  as  rapidity  and  economy 
of  the  work  was  concerned,  the  results  were  superior  to  any 
of  the  other  methods  tried.  At  Shirley  Gut  the  pipes  were  from 
48  to  65  feet  long  and  over  8  feet  external  diameter.  They  were 
made  on  the  shore  above  high  tide  and  moved  down  to  low  tide  by 
means  of  blocks  and  rollers,  as  in  moving  houses.  The  ends  were 
stopped  up,  so  as  to  make  the  pipes  water-tight.  They  were  finally 
floated  to  their  proper  position,  and  methods  taken  to  place  them 
accurately  on  the  bottom,  join  them  together  and  afterwards 
remove  the  l)ulkheads. 

Some  allusion  has  been  made  to  the  East  Boston  Tunnel.  I 
hope  most  of  the  members  will  visit  this  tunnel  within  a  few 
days.  The  work  has  now  progressed,  by  the  shield,  something 
like  240  feet.  The  work  is  temporarily  arrested,  to  put  in  the  air 
locks.  Before  the  compressed  air  is  used  will  be  an  excellent 
time  for  the  meml)ers  to  view  the  whole  situation.  As  you  will 
learn  all  about  it  then,  I  will  say  now  but  a  word  for  those  who 
cannot  go. 

The  general  method  employed  there  is  almost  precisely  the 
same  as  that  which  was  used  on  the  subway  tunnel  on  Tremont 
Street.  There  are  two  drifts  about  8  feet  square,  made  and  tim- 
bered by  an  ordinary  tunneling  process.  These  drifts  are  about 
30  feet  apart  horizontally,  outside  to  outside.  In  each  of  these 
drifts  one  of  the  side  walls  of  the  tunnel  is  built.  The  shield 
of  the  tunnel  is  later  moved  along,  running  on  top  of  and  resting  on 
these  side  walls.  The  arch  of  the  tunnel  is  built  under  the  tail  end 
of  the  shield,  and,  of  course,  joins  with  the  side  walls  just  men- 
tioned. The  invert  is  put  in  later.  The  hydraulic  jacks,  which 
push  the  shield  along,  react  against  cast-iron  rods  iinbedded  in 
the  masonry  of  the  arch,  the  same  as  on  Tremont  Street. 

The  main  difference  between  the  Tremont  Street  tunnel  and 
that  of  East  Boston  is  that,  in  the  latter  case,  the  arch  is  of  con- 
crete, while  in  the  Tremont  Street  tunnel  it  was  of  brick.  The 
cross-section  in  East  Boston  is  considerably  taller.  The  arch,  in- 
stead of  being  very  flat,  is  a  semicircle. 

Mr.  C.  M.  Saville. — The  Metropolitan  Water  Board  has 
just  completed  a  small  tunnel  between  Chelsea  and  Charlestown. 
The  contractor  for  the  gas  tunnels  also  did  the  work  for  the 
water  board,  and  many  of  the  men  were  employed  on  all  of  the 
work.  The  methods  employed  on  our  work  were  substantially 
the  same  as  the  author  has  so  interestingly  described.  Two 
water  shafts  were  sunk,  one  on  each  side  of  the  channel  and  about 
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140  feet  apart.  These  shafts  were  about  65  feet  deep,  and  con- 
nected at  their  bottoms  by  a  drift  under  the  cliannel.  The  net  in- 
side diameter  of  each  shaft  and  drift  was  6  feet,  and  they  were 
lined  throui^hout  with  a  foot  of  brick  masonry  laid  in  Portland 
cement  mortar.  The  same  shield  was  used  as  has  been  described 
bv  the  author,  but  it  was  remodeled  to  work  the  heading,  which  had 
a  gross  diameter  of  about  9  feet.  The  material  encountered  was 
mostly  sand  containing  considerable  water.  Much  difficulty  was 
encountered  in  keeping  the  shield  on  line  and  to  grade,  and,  after 
the  drift  was  about  three-fourths  completed,  the  shield  was  re- 
moved and  the  remainder  of  the  w^ork  was  done  with  poling 
boards.  After  the  tunnel  was  completed,  a  24-inch  ordinary  cast- 
iron  water  pipe  w^as  laid  in  it  by  the  maintenance  department,  and 
I  his  pipe  is  now  in  use. 

During  the  progress  of  the  work,  an  article  appeared  in  one 
of  the  Boston  papers  purporting  to  be  a  description  of  the  meth- 
ods employed,  and  among  other  interesting  points  brought  out 
was  the  statement  that  for  every  pound  of  material  excavated  a 
pound  of  air  was  pumped  in  to  take  its  place. 

Mr.  Robert  A.  Siiailer. — I  do  not  know  that  I  have  any- 
thing to  say  except  that  I  have  enjoyed  listening  to  ]\Ir.  Cum- 
mings's  paper  on  subaqueous  tunnels. 

I  am  sure  that  an  ordinary  mud  digger  like  myself  cannot  be 
expected  to  have  much  to  say  of  interest  to  this  society,  which 
certainly  contains  among  its  members  very  prominent  engineers, 
probably  the  best  engineers  in  the  country. 

In  the  paper  just  read  considerable  stress  was  laid  upon  the 
use  of  compressed  air  for  the  purpose  of  keeping  out  water,  and 
the  thought  occurred  to  me  that  possibly  you  are  not  all  familiar 
with  the  use  of  compressed  air  for  the  purpose  of  keeping  clay 
from  flowing  or  swelling,  as  it  is  usually  termed. 

We  have  been  working  for  a  number  of  years  at  Cleveland, 
Ohio,  constructing  a  tunnel  9  feet  inside  diameter,  with  12-inch 
brick  walls  and  26,000  feet  long.  The  22,000  feet  already  com- 
pleted have  been  constructed  through  a  very  soft,  swelling  clay ;  in 
fact,  a  material  which  it  would  be  almost  impossible  to  handle 
without  compressed  air.  It  contains  no  water  to  speak  of,  and 
if  any  of  you  were  to  go  into  the  tunnel  under  our  usual  pressure 
of  28  to  30  pounds  of  air,  the  clay  would  seem  practically  dry 
and  quite  stiff  and  hard,  and  it  would  be  difficult  to  realize  what  it 
would  be  without  the  air  pressure. 

In  sinking  shaft  No.  2,  which  is  composed  of  cast-iron  cylin- 
ders extending  from  above  the  surface  of  Lake  Erie  down  nearlv 
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to  the  top  of  the  arch,  which  is  at  about  grade  minus  94,  and  then 
underpinned  with  brick,  we  had  occasion  to  take  the  air  pressure 
off,  and  where  square  openings  like  windows  were  left  for  the 
purpose  of  breaking  out  into  the  drifts,  I  have  seen  clay  flow  in 
through  said  openings  and  drop  off  in  large  chunks,  while  with 
the  air  pressure  the  clay  appeared  still  and  stable.  Last  fall, 
when  one  of  the  air  locks  in  the  tunnel  got  to  leaking,  so  that 
the  pressure  was  almost  entirely  lost,  the  clay  flowed  into  the 
completed  tunnel  so  as  to  nearly  fill  it  up  solid  for  some  twenty 
feet. 

Mr.  Carson  has  just  spoken  of  our  being  about  to  put  on  the 
air  pressure  in  the  East  Boston  Tunnel.  We  anticipate  no  trouble 
or  danger  from  water  in  carrying  on  this  work,  but  we  do  expect  to 
have  swelling  clay,  and  it  is  to  hold  the  clay  that  we  are  installing 
the  pneumatic  plant. 

There  is  another  use  of  air  pressure  in  which  we  have  had 
some  experience,  and  that  is  for  the  dilution  of  explosive  or  marsh 
gas,  as  it  comes  into  the  tunnel. 

At  Cleveland  the  whole  ground  is  saturated  with  this  gas, 
and  chemical  analysis  shows  that  even  with  great  care  we  have 
from  ^  to  i^  per  cent,  of  this  gas  at  all  times  in  the  air  which 
the  men  breathe.  If  our  pressure  goes  down,  the  percentage  of 
gas  becomes  greater,  so  that  we  are  reasonably  sure  that  the  use 
of  compressed  air  tends  to  keep  the  gas  out.  The  mixture  of  5  or  6 
per  cent,  of  gas  is  exceedingly  explosive,  while  a  mixture  of  9  to  10 
per  cent,  is  not.  This  may  seem  paradoxical,  but  it  is  true.  What 
I  have  always  feared  is  that,  as  the  gas  must  flow  into  the  tunnel 
practically  pure,  there  must  be,  somewhere  between  that  and  its 
dilution  down  to  i>^  per  cent.,  a  point  at  which  the  mixture  is 
dangerous.  We  therefore  watch  our  electric  wire  connections, 
and  take  all  the  precaution  we  can  and  carry  our  inlet  pipe  straight 
up  to  the  heading,  so  as  to  dilute  the  gas  there. 

Compressed  air  has  been  used  to  retard  the  flow  of  water  into 
tunnels  where  the  head  was  so  great  that  sufiEicient  pressure  could 
not  be  maintained  to  keep  the  water  out  entirely.  Under  these 
conditions  the  work  of  necessity  must  be  carried  on  very  slowly  and 
at  great  expense. 

Mr.  W.  W.  Cummings  (by  letter). — An  inverted  siphon  pos- 
sibly a  little  out  of  the  ordinary  line  was  placed  in  Everett,  Mass., 
May  21.  Its  characteristics  were  its  economy  and  its  rigidity,  not- 
withstanding its  rather  unusual  length. 

The  Harbor  Commissioners  required  that  a  clear  waterway  60 
feet  wide  and  18  feet  below  mean  low  water  should  be  preserved. 
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The  river  bottom  at  this  point  is  but  4  feet  below  mean  low  water, 
the  channel  as  yet  not  having  been  dredged. 

As  shown  by  the  drawings,  the  siphon  was  made  up  of  a  30- 
inch  riveted  steel  pipe  f  inch  thick,  the  legs  being  about  32  feet  long 
and  the  extension  piece  about  74  feet  long  on  centers ;  and  an 
inclosing  box  3  feet  6  inches  square,  made  up  of  6  x  6-inch  spruce 
corner  posts,  with  3  x  4-inch  sticks  spiked  to  them  for  the  nailing  of 
the  2-inch  cover  planks. 

It  was  designed  to  make  the  siphon  as  light  as  possible. 
Therefore  the  steel  pipe  was  figured  to  be  self-supporting  when 
hung  by  the  two  legs,  and  only  sufficient  concrete  was  added  to  sink 
the  pipe  and  its  inclosing  box.  The  sides  of  this  box  formed  two 
trusses,  calculated  to  support  the  box  and  the  contained  concrete 
when  hung  by  the  legs  of  the  siphon,  or  to  have  sufficient  excess  of 
strength,  when  submerged  and  supported  at  its  center,  to  make  up 
the  deficiency  in  the  steel  pipe  when  supported  at  that  point.  Par- 
ticular care  to  secure  an  even  bottom  in  the  dredging  was  there- 
fore unnecessary.  The  angles  of  the  siphon  were  reinforced  by 
1 4-inch  tie-rods  and  two  6  x  6-inch  struts  bearing  on  pieces  of 
angle  iron. 

The  weight  of  the  siphon  complete  was  about  60  tons,  or  900 
pounds  per  lineal  foot ;  and  9  tons,  or  125  pounds  per  lineal  foot, 
when  submerged. 

The  pipe  and  the  extension  piece  of  the  box  were  constructed 
on  shore.  These  were  then  placed  on  temporary  piling  in  the  chan- 
nel by  means  of  a  lighter,  and  concrete,  composed  of  one  part  Star 
cement  to  one  part  unscreened  fine  gravel,  was  added  after  smear- 
ing the  joints  of  the  steel  pipe  with  neat  cement  mortar.  The  legs 
of  the  box  were  then  carried  up,  the  concrete  being  added  as  the 
work  progressed,  and  the  whole  was  allowed  to  set  for  six  days. 
Particular  care  was  taken  to  make  the  concrete  impervious  to  water. 
In  placing  the  siphon,  three  lighters  were  used,  one  large  one  on 
one  leg  and  two  smaller  ones  on  the  other.  When  lifted  free  from 
the  blocking,  the  deflection  at  the  center  was  about  i^  inches.  The 
lowering  consumed  about  two  hours.  When  in  place,  the  pipe  was 
^under  a  maximum  head  of  26  feet,  and  remained  twenty-four  hours 
athout  showing  any  leaks.  It  was  then  filled  with  water  and 
J  allowed  to  settle  to  its  bearing. 

The  whole  siphon,  with  the  exception  of  the  6  x  6-inch  and 
3  x  4-inch  spruce  timber,  was  made  from  the  scrap  pile  at  a  cost  of 
$592.62.  The  material  new  would  have  cost  about  $685.  making  a 
total  new  of  about  $9  per  lineal  foot.  The  dredging  cost  $1800, 
and  the  placing  about  $600. 
[31] 
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Without  searching  tl,e  recorcU.  it  is  beUeved  that  this  is  the 
longest  and  largest  siphon  in  the  vicinity,  that  of  the  Boston  Water 
Department  at  the  Warren  Bridge  being  24  mches  m  d.ameter  and 
„  feet  long,  and  that  of  the  Metropolitan  Water  Board  at  Saugus 
Rix^being  20  inches  in  diameter  and  48  feet  8  mches  long^  Th,s 
fa  er  one  cost  $23  per  lineal  foot.  It  might  be  added  that  the 
^phon  was  subject  to  ex,ren,ely  rough  usage  while  bemg  lowered 
but  i"  was  perfectly  rigid  and  the  concrete  showed  no  s.gns  of 
cracking. 
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THE  incki:asin<;  i:li:vatiox  of  floods  ix  tiif 

LO>Vi:U  31ISSISSIPPI   HIVKH. 


By  Linus  W.  Browx,  Member  Louisiana  Engineering  Society. 


[Read  before  the  Societj',  March  11,  1901.*] 

^Iy  acquaintance  with  the  Mississippi  River  began  in  i! 
twentv-one  years  ago,  and  for  the  past  fifteen  years  I  have  been 
directly  connected,  ofificially  and  otherwise,  with  the  levee  work  at 
this  point,  and  I  cannot  fail  to  appreciate  the  material  changes 
which  have  taken  place  during  these  two  decades,  in  dimension 
of  levees  required  to  properly  protect  this  section  against  inunda- 
tion. 

Twenty  years  ago  the  levees  w^ere  of  very  small  dimensions 
and  very  low  in  elevation  as  compared  with  those  now  existing. 
As  I  remember,  the  levees  in  the  third  district  were  but  little 
larger  than  a  well-banked  potato  row,  and  were  located  from 
75  to  100  feet  from  the  front  street  (North  Peters),  and  the  ele- 
vation of  levees  along  the  Commercial  front  was  several  feet  lower 
tlian  they  exist  to-day. 

The  serious  and  most  important  question  presented  is,  what 
do  the  facts,  as  gleaned  from  the  two  decades  just  passed,  teach 
us.  and  what  conclusions  are  to  be  drawn?  In  my  opinion,  the 
facts,  as  presented,  most  conclusively  demonstrate  that  to  secure 
in  the  future  the  same  protection  against  inundation  as  in  the 
past  and  at  the  present  time,  there  will  be  required  a  continual 
raising  and  enlarging  of  the  levees,  and  the  conclusions  to  be  drawn 
are  that  in  a  very  few  decades  (taking  the  past  tw^o  decades  as  a 
criterion)  the  construction  of  levees  to  properly  secure  us  against 
inundation  will  become  a  prodigious  undertaking,  both  as  an 
engineering  feat  and  as  a  revenue  consumer,  owing  to  the  ver>- 
large  ])roportions  that  will  be  required. 

The  question,  what  will  be  the  height  of  levees  for  proper 
future  protection  against  the  inundation  of  the  Mississippi  Delta? 
demands  imn.ediate  attention,  and  should  be  given  the  most  care- 
ful thought  and  consideration.  The  maxim :  "He  only  is  free  from 
danger  who,  even  when  safe,  is  on  his  guard,"  embodies  the 
l|  sentiment  which  should  pervade  every  interest  throughout  the 
Mississippi  Delta,  and  wdiich  should  stimulate  us  to  inaugurate  at 
once  a  careful  investigation  and  to  apply  such  remedies  or  adopt 
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such  methods  as  will  measurably  well  assure  us  of  a  moderate 
maximum  elevation  of  levees  for  future  protection.  It  is  not  too 
soon  to  inaugurate  the  necessary  measures  for  a  thorough  inves- 
tigation and  secure  the  co-operation  of  all  interests,  and  invite  the 
attention  of,  and  secure  the  necessary  assistance  from,  the  Federal 
Government  to  meet  the  issues  which  are  now  most  apparent  of 
future  consummation,  unless  thwarted. 

What  are  the  causes  of  the  constant  increase  in  elevation  of 
floods  in  the  Lower  Mississippi,  why  are  the  maximum  floods 
sporadic;  seldom,  if  ever,  occurring  in  yearly  succession,  why 
should  the  maximum  floods  increase  in  elevation  when  a  corre- 
sponding increase  of  discharge  is  not,  by  investigation,  apparent, 
and  why  did  the  normal  flood  of  1898,  discharging  very  con- 
siderably less  volume  than  the  great  flood  of  1851  or  of  1890,  re- 
quire greater  flood  elevation?  The  United  States  Government 
gaging  of  May  2,  1898,  shows  that  the  elevation  of  flood  was  16.65 
feet  on  gage,  and  the  discharge  1,084,000  cubic  feet  per  second, 
whereas  on  February  26,  1890,  the  flood  elevation  was  14.7  feet 
on  gage,  and  the  discharge  1,422,000  cubic  feet  per  second,  which 
shows  that  the  flood  of  1890  discharged  338,000  cubic  feet  per 
second  (or  30  per  cent.)  more  water,  and  at  an  elevation  of  0.95 
feet  (or  0.6  of  i  per  cent.)  less  than  that  of  1898.  On  March  17, 
1851,  the  gaging  as  recorded  shows  a  discharge  of  1,153,000  cubic 
feet  per  second,  with  a  flood  elevation  of  14.8  feet  on  gage. 

When  the  causes  are  ascertained,  what  are  the  remedies  to  be 
applied  or  the  methods  to  be  adopted  to  maintain  a  comparatively 
uniform  elevation  of  maximum  floods? 

These  are  the  questions  to  be  solved,  and  they  should  receive 
the  immediate  and  earnest  consideration  of  every  interest  through- 
out the  Mississippi  Valley.  And  I  will  predict  that  the  proper  solu- 
tion of  these  important  questions  will  keep  every  member  of  this 
society  of  engineers  busy  for  some  time  to  come.  The  matter 
is  of  such  paramount  importance  that  it  should  enlist  the  very  best 
endeavors  of  each  and  every  one  of  us,  and  we  should  not  be  sat- 
isfied until  we  have  secured  some  measurable  degree  of  success. 

Before  attempting  to  lay  before  you  an  outline  of  my  views 
of  the  cause  producing  the  conditions,  or  the  remedy  to  apply,  I 
would  refer  to  the  following  statistics  and  facts  to  amplify  and 
form  base  for  the  conclusions  and  suggestions  I  may  present. 

All  elevations  used  in  this  paper  will  refer  to  the  Carrollton 
gage  of  the  Mississippi  River  Commission,  zero  of  which  is  20.91 
feet  above  Cairo  Datum  or  0.35  feet  below  mean  ocean  level ;  and 
all  velocities  and  discharges  referred  to  are  those  contained  in  the 
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reports  of  the  Mississippi  River  Commission.  The  distance  from 
the  Carrollton  gage  to  mean  ocean  level  in  Gulf  is,  for  the  calcu- 
lation of  slopes,  assumed  at  120  miles.  The  reports  of  the  Missis- 
sippi River  Commission  do  not  contain  statistics  as  to  elevations 
at  the  heads  of  passes  or  at  Fort  Jackson,  excepting  from  1891 
to  1898  at  the  latter  point.  I  also  note  the  incompleteness  of  the 
reports  as  to  elevations,  discharges  and  velocity  of  the  river  at 
any  point,  in  that  they  cover  only  a  few  days  of  the  year  and  often 
do  not  cover  the  maximum  conditions.  The  discussion  of  the 
subject  at  this  time  may  require  some  deductions  to  be  made,  and 
any  conclusions  reached  will  be  understood  as  being  susceptible  of 
such  modification  as  more  full  and  correct  data  may  conclusively 
determine  to  be  correct  and  proper. 

I  remember  the  newspaper  reports  of  the  flood  of  1874,  which 
flood  overtopped  the  then  existing  levees,  and  later  I  became 
familiar  with  the  effects  of  this  great  flood,  which  reached  the 
then  extraordinary  maximum  elevation  of  15.7  feet  on  gage,  or 
15.35  feet  above  sea  level,  although  the  elevation  of  this  flood  was 
only  6  inches  higher  than  that  of  1828,  forty-six  years  previous, 
and  was  not  as  high  by  0.2  of  a  foot  as  the  flood  of  1862,  as  re- 
corded in  the  Government  records.  The  average  slope  of  this  flood 
of  1874  to  sea  level  was  0.128  of  a  foot  per  mile,  or  about  i  foot 
in  8  miles.  The  records  of  velocity  and  discharge  are  not  em- 
braced in  the  Government  reports,  but  assuming  the  gagings  of 
March  14,  1891,  when  elevation  of  flood  was  15.6,  as  a  comparative 
estimate  of  the  velocity  and  discharge  for  flood  of  1874,  we  have 
6.95  feet  velocity  and  1,202,000  cubic  feet  discharge  per  second. 

The  flood  elevation  of  1874  was  not  surpassed  until  1890, 
when  it  reached  an  elevation  of  16.  i  and  in  1892  of  17.35  ^^^ 
1893  of  17.45,  and  the  greatest  of  all  floods  occurred  in  1897 
when  the  maximum  elevation  was  19.17  feet  or  3.47  feet  higher 
than  the  extraordinary  flood  of  1874,  twenty-three  years  previous. 

The  elevation  of  flood  of  1897  at  Carrollton  was  18.82  feet 
above  ocean  level,  and  the  average  slope  from  Carrollton  to  ocean 
was  0.156  of  a  foot  per  mile  or  i  foot  in  6.3  miles,  or  22  per 
cent,  greater  than  the  slope  of  1874,  and  while  the  Government 
reports  do  not  give  the  gaging  as  to  velocity  and  discharge  on 
the  day  when  the  greatest  elevations  were  noted, — viz.  May  13,  they 
give,  for  May  18,  a  velocity  of  7.3  feet  and  a  discharge  of  1,350,000 
cubic  feet  per  second,  gage  reading  18.7  feet,  and  this  gaging  is 
the  greatest,  both  as  to  velocity  and  discharge,  of  any  shown  in 
the   reports,   which   further   shows   that   while   the   difference   in 
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elevation  of  the  flood  of  1897  above  the  sea  level  was  22  per  cent, 
more  than  that  of  1874,  twenty-three  years  previous,  the  dis- 
charge was  only   12  per  cent,  greater. 

The  history  of  the  great  floods,  as  recorded,  is  as  follows : 


Gage 
Dales.  reading. 

1828 — April  I    15.20 

1849 — March  15   15.20 

185 1 — March  27  15.40 

1858 — May  10 15.10 

1859 — May  4  15.60 

1862   1590 

1874 — April  16  15.70 

1890 — March  13  16.10 

1892— June  10 17.35 

1893— June   22    17.45 

1897 — May  13  19.17 

1898 — April  25 15.90 

1899 — April  21 16.00 


The  velocity  and  discharge  for  the  years  1851,  1890,  1892, 
1893  and  1897  are  the  results  of  gaging  on  these  dates  as  contained 
in  the  reports  of  the  Mississippi  River  Commission,  but  those 
for  the  other  years  are  not  given  in  the  reports,  and  the  velocity 
and  discharge  for  these  years  are  interpolated  from  the  records 
of  other  years  when  gage  readings  or  elevation  of  floods  were  the 
same,  thus : 

The  year  1828  is  from  records  of  March  25.  185 1. 


Height 
above 

sea  level. 

Slope 
per 
mile. 

Velocity. 

Discharge. 

14.85 

0.123 

5.90 

1,099,000 

14.85 

0.123 

5.90 

1,099,000 

15.05 

0.125 

5.99 

1,118,000 
1,168,000 

15-25 

0.127 

6.00 

1,156,000 

15.55 

0.130 

6.68 

1,243,000 

15.35 

0.128 

6.75 

1,175,000 

15.75 

O.I3I 

6.90 

1,292,000 

17.00 

O.I4I 

5.87 

1,079,000 

17.10 

0.1425 

5.82 

1,113,000 

18.72 

0.156 

730 

1,350,000 

15.55 

0.130 

5-73 

1,024,000 

15.65 

0.135 

6.81 

1,182,000 

"      1849  "        " 

"          "          " 

28,  1891. 

"      1859  "        " 

"          "          " 

24,  1890. 

"      1862  "        " 

"          "          " 

19,  1890. 

"      1874  "        " 

"          "          " 

18,  1891. 

"      1898  "        " 

"         "        June 

9,  1892. 

"      1899  "        " 

"     March 

16,  1891. 

There  is  recorded  no  gaging  since  1892  for  flood  elevation  of 
15.9  and  16  feet  for  years  1898  and  1899  respectively,  and  the 
interpolations  made  are  clearly  on  the  side  of  very  greatest  possible 
maximum  velocity  and  discharge  for  these  years.  It  is  most  ap- 
parent, from  the  records,  that  the  discharge  for  later  years  is  much 
less  than  in  former  years  for  same  elevation  of  flood,  as  is  shown 
by  the  records  and  gagings  of  the  normal  flood  of  1898,  when  the 
elevations  were  from  15.5  to  15.65  feet,  and  the  maximum  dis- 
charge was  from  1,049,000  to  1,087,000  cubic  feet  as  compared 
with  that  of  all  the  great  floods  from  1828  to  1890,  when  the  ele- 
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vation  ranged  from  15.2  to  15.9  feet  and  the  discharge  from  1,099,- 
000  to  1,243,000  cubic  feet  per  second. 

The  record  of  the  gaging  on  May  4,  1898,  shows  that  with  an 
elevation  of  15/15  feet  the  discharge  was  1,049,000  cubic  feet  with  a 
velocity  of  5.97  feet ;  and  it  is  perhaps  safe  to  assume  that  the  maxi- 
mum volume  of  discharge  of  future  great  floods  will  approximate 
but  not  exceed  1,400.000  cubic  feet  per  second;  hence  the  elevation 
of  flood  on  May  4,  1898,  to  discharge  a  maximum  flood  of  1,400,- 
000  cubic  feet  at  6  feet  velocity,  with  cross-section  of  175,600  feet 
at  elevation  of  15.65  feet  on  gage,  and  assuming  the  width  of  river 
between  levees  at  4000  feet,  would  be  14.4  feet  higher,  or  30.05 
feet  on  gage,  and  with  increasing  velocities  would  be  as  follows : 

Velocity  6.25 — 12.  i  feet  higher  or  27.75  on  gage. 

"       6.50—  9.9  "  "  "  25.55  "  " 

"       6.75—  7-9  "  "  "  23.55  "  " 

7.00—  6.1  "  "  "  21.75  " 

7.25—  4.3  "  "  "  19.95  "  " 

"       7.50—  3-1  "  "  "  18.75  "  " 

"       8.00—  0.0  "  "  "  15.75  "  " 

Hence,  to  secure  in  1898  an  elevation  of  flood  slope  not  ex- 
ceeding 16  feet  on  Carrollton  gage,  a  velocity  of  8  feet  per  second 
would  have  been  required  to  pass  the  maximum  flood  volume  of 
1,400,000  cubic  feet,  and  with  a  velocity  of  7.3  feet  per  second,  and 
a  discharge  of  1,350,000  cubic  feet,  as  gaged  on  May  18,  1897, 
producing  a  flood  elevation  of  18.7  feet,  the  maximum  flood  ele- 
vation of  1898,  to  pass  this  volume  at  this  velocity,  would  have  been 
only  2.3  feet  higher  or  17.95  o"  S^S^y  o^  0-75  ^^^t  9  inches  lower,, 
which  clearly  demonstrates  that  the  floods  with  maximum  eleva- 
tions, even  with  equal  volume  of  discharge,  cannot  occur  in  suc- 
cession, for  the  reason  that  the  avenues  for  passage  of  water  are 
scoured  out  by  the  first  flood,  and  the  conditions  to  retard  the 
passage  cannot  be  formed  in  the  interval  of  time,  between  two  flood 
periods.  The  velocities  shown  above,  and  which  exist  in  the  Lower 
Mississippi,  are  very  heavy,  and  even  the  lowest  is  not  consistent 
with  any  reasonable  security  of  bed  or  banks,  as  is  shown  by  the 
following  experiments  of  Bazalgette,  in  which  he  found  the  velocity 
required  to  remove  materials  as  follows : 

Fine  clay 0.25  feet  per  second. 

Sand   0.50    "      "         " 

Coarse  sand  0.66     "      "         " 

Fine  gravel    i.oo    "      "         " 

Pebbles    2.00    "     " 

Stones,  egg  size  3.00    "      "         " 
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And  the  observations  of  eminent  hydranlicians,  as  referred 
to  by  Gauguillet  &  Kutter,  give  mean  velocities  required  to  abrade 
river  beds  and  banks  as  follows : 

River  mud 0.33  feet  per  second. 

Sand,  size  of  anise  seed 0.46  "  "  " 

Clay  and  loom 0.66  "  "  " 

Sand,  size  of  peas  0.79  "  "  " 

Common  river  sand   0.92  "  "  " 

Coarse  gravel  and  small  cobblestone 3.93  "  "  '* 

Angular  flint  stone,  egg  size 4.23  "  "  " 

Soft  slate   6.45  "  " 

Stratified  rock 7-86  "  " 

Hard  rock   13.12  "  "  " 

From  which  it  is  not  surprising  that  with  a  current  having  a 
velocity  of  from  5  to  7.3  feet  per  second  the  alluvial  banks  of 
the  Mississippi  River  are  abraded. 

The  facts,  as  presented  above,  make  prominent  the  further 
very  pertinent  question,  what  will  be  the  rate  of  increase  of  future 
maximum  flood  elevations  ?  Referring  to  the  above  list  of  great 
floods,  we  find  that  from  1828  to  1874,  a  period  of  forty-six  years, 
the  increase  was  only  0.5  of  a  foot,  or  at  a  rate  of  o.oii  of  a  foot 
per  year  or  i  foot  in  ninety  years,  while  the  flood  of  1897  was  3.47 
feet  higher  than  the  flood  of  1874,  or  a  rise  of  3.47  feet  in  twenty- 
three  years,  or  at  a  rate  of  0.15  of  a  foot  per  year  or  i  foot  in  six 
and  one-half  years.  It  will  be  noted,  further,  that  in  1890  the 
elevation  of  maximum  flood  was  16.  i  or  0.4  of  a  foot  higher  than 
that  of  1874,  or  0.4  of  a  foot  increase  in  sixteen  years,  or  at  rate 
of  0.025  foot  per  year  or  i  foot  in  forty  years ;  while  the  flood  of 
1890  was  3.07  feet  below  that  of  1897,  or  an  increase  of  maximum 
flood  elevation  of  3.07  feet  in  seven  years,  or  at  rate  of  0.44  foot 
per  year,  or  a  foot  in  about  two  and  one-half  years.  It  is  also  in- 
teresting and  instructive  to  note  that  the  maximum  elevation  of 
floods  since  1897,  while  they  have  been  considered  as  normal,  were 
all  considerably  higher  than  those  of  the  great  flood  periods  prior 
to  1890. 

A  careful  consideration  of  the  facts  above  presented,  showing 
the  increase  of  elevation  of  maximum  floods,  would  determine,  as 
conservative,  a  rate  of  increase  in  future  of  i  foot  in  five  years,  and 
it  is  to  be  feared,  and  may  be  expected,  that  this  increase  will  be 
exceeded.  Hence,  unless  means  are  adopted  to  thwart  the  gradual 
increase  of  maximum  elevation  of  floods,  the  levees  in  1950  will 
be  10  feet  higher  than  at  present,  under  which  condition  the  whole 
delta  will  be  confiscated  for  levee  protection,  and  commerce  on  the 
Lower  Mississippi  will  be  rendered  wholly  impracticable. 
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Mr.  Chas.  Ellet,  who  represented  the  United  States  Govern- 
ment in  connection  with  river  investio;ation  in  the  year  1851,  was 
sufficiently  bold  to  assert  that,  to  sustain  a  flood  of  the  intensity 
of  that  of  1 85 1,  the  levees  must  be  made  2  feet  hig-lu-r  than  they 
then  existed,  from  Red  River  to  New  Orleans ;  for  which  assertion 
he  was,  in  1861,  severely  criticised  by  the  United  States  Govern- 
ment's representatives  in  charg-e  of  river  matters.  As  a  matter 
of  fact,  the  floods  of  1851  were  no  doubt  as  intense  as  those  of 
1897,  and  while  the  maximum  discharge  at  Carrollton,  as  gaged, 
was  1,186,000  cubic  feet  per  second,  and  that  of  1897  1,350,000 
cubic  feet  per  second,  the  volume  passing  from  the  river  into 
the  sea  between  the  Red  River  and  New  Orleans,  was  equal  to  or 
greater  than  the  difference  between  the  measured  discharge ;  and 
the  prophecy  of  Mr.  Ellet  has  been  more  than  realized,  as  in  lieu 
of  2  feet,  levees  to  properly  protect  the  alluvial  lands  are  now 
fully  5  feet  higher  than  they  existed  in  1851. 

The  estimate  made  by  the  Government  engineers  in  1861  for 
the  proper  and  absolute  protection  of  the  alluvial  lands  along  the 
Mississippi  River,  from  Cairo  to  the  Gulf,  in  addition  to  the  value 
of  levees  then  existing,  was  $17,000,000,  and  the  value  of  then 
existing  levees  was  placed  at  $9,000,000,  making  the  total  value  of 
the  ultimate  and  complete  levee  system  $26,000,000.  Since  1861 
up  to  the  present  time,  there  have  been  expended  upward  of 
$50,000,000,  and  the  levees  are  yet  incomplete ;  and  to  properly  pro- 
tect the  alluvial  lands  against  inundation  in  the  future,  as  far  as 
1950,  the  levee  system  alone,  if  built  at  once  of  proper  proportions, 
will  cost  upward  of  $100,000,000,  but  a  very  much  greater /amount 
will  be  expended  by  reason  of  the  work  of  raising  and  enlarging 
the  levees.  This  will  necessarily  be  required  to  be  done  gradually 
and  oftentimes  as  an  emergency,  and  at  no  time  will  the  alluvial 
lands  be  absolutely  free  from  danger  of  inundation,  unless  the  in- 
crease of  flood  elevations  is  restrained. 

The  facts  above  presented,  and  the  conclusion  to  be  drawn,  are 
most  thoroughly  convincing  that  the  elevation  of  the  surface  of  nor- 
mal and  extraordinary  floods  in  the  Lower  Mississippi  are  in- 
creasing, which  conclusion  presents,  in  contemplation,  most  unde- 
sirable future  conditions  and  invites  our  most  serious  attention. 

The  methods  adopted  in  the  treatment  of  rivers  in  Europe, 
traversing  alluvial  territory,  such  as  the  Rhine,  Vistula,  Danube  and 
others,  cannot  be  adopted,  as  these  methods  have  utterly  failed  in 
restraining  an  increase  of  the  elevation  of  their  floods ;  and,  again, 
these  rivers  are  very  small  in  comparison  with  the  Mississippi ;  and 
such  measures  as  would  increase,  almost  imperceptibly,  the  eleva- 
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tion  of  floods  in  these  small  rivers  would  make  the  increase  in 
the  Mississippi  River  most  apparent. 

When  the  "all-levee  system"  was  inauj^urated  and  urged,  be- 
tween the  years  i860  and  1880,  no  marked  increase  in  the  eleva- 
tion of  floods  was  apparent ;  in  fact,  the  records  show  an  increase 
of  only  0.9  of  a  foot  from  1828  to  1890,  a  period  of  sixty-two  years  ; 
while  from  1890  to  1897,  the  records  show  an  increase  of  3.07  in 
seven  years ;  and  the  engineering  profession,  more  particularly  the 
Government  engineers,  in  recommending  the  "all-levee  system,"  did 
not  take  into  consideration  the  consequent  and  serious  effect  of  in- 
creasing the  elevation  of  floods,  the  extent  to  which  this  elevation 
would  reach  or  the  disastrous  effects  resulting  therefrom.  That 
this  reasoning  is  correct  is  established  by  the  fact  that  in  1861  Cap- 
tain Humphreys  recommended  the  construction  of  a  levee  system 
as  being  all  that  was  essential,  and  estimated  that  the  ultimate 
cost  of  protecting  the  29,000  square  miles  of  alluvial  territory 
against  inundation  would  be  $17,000,000,  whereas  we  have  already 
spent  upward  of  $50,000,000,  and,  as  above  noted,  will  require  not 
less  than  $100,000,000  within  the  next  forty  years,  unless  the  flood 
elevation  can  be  reduced  or  maintained  at  an  elevation  not  ex- 
ceeding 18  feet  on  the  Carrollton  gage. 

That  the  "all-levee  system"  is  a  necessity  no  one  can  possibly 
deny ;  but,  as  is  shown,  a  levee  system  without  other  equally  im- 
portant works  will  in  a  few  years  prove  a  disastrous  failure.  It  is  a 
matter  of  universal  record  that  the  advocates  of  the  "all-levee  sys- 
tem" have  persistently  condemned  all  suggestions  which  would 
effect,  by  reducing,  the  elevation  of  floods,  even  when  made  by 
prominent,  accomplished,  brilliant  and  learned  members  of  the  en- 
gineering profession ;  and  it  is  now  most  apparent  that  these  views 
must  be  modified,  and  such  measures  considered  and  adopted  as 
will  assist  in  the  matter  of  reducing  the  elevation  of  floods  of  the 
Mississippi  River. 

To  refer  briefly  to  the  causes  producing  these  high  elevations 
of  floods  in  the  Lower  Mississippi,  it  would  be  pertinent  to  remark' 
that  the  power  and  force  embodied  in  the  Mississippi  River  at 
high  floods  are  such  as  to  be  beyond  human  hands  or  brains  to 
combat.  The  only  measures  that  mankind  can  adopt,  with  any  de- 
gree of  success,  are  those  which  are  in  line  with  nature's  laws,  and 
to  find  the  cause  it  is  proper  to  make  comparison  between  the 
river,  with  the  "all-levee  system"  only,  as  now  existing,  and  alluvial 
rivers  having  no  levees,  and  see  wherein  they  differ. 

Were  the  Mississippi  River  not  leveed  in,  and  were  no  arti- 
ficial  works  constructed  along  its   banks,   it   would,   when  rising 
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above  its  normal  bank,  overflow,  and  deposit  its  sediment  on  the 
adjacent  banks  and  the  surroundinii^  country.  As  it  p^radually  ele- 
vated its  hanks  and  the  surroundinp-  country,  and  gradually  with- 
held the  water  irom  overflowing",  it  would  scour  a  channel  of  the 
desiretl  width  and  depth  to  convey  the  volume  to  the  sea  level  at 
such  velocity  as  the  bed  would  allow ;  the  elevation  of  the  flood 
height  would  be  a  purely  natural  one,  coinciding  with  the  dis- 
tance and  volume,  and  the  elevation  would  gradually  increase  as  the 
river  extended  into  the  Gulf,  which,  under  present  conditions,  is 
less  than  200  feet  per  year,  and  in  1000  years  would  be  about  40 
miles,  or  sufficient  to  raise  the  flood  elevation  at  Carrollton  about 
I  foot.  According  to  Government  statistics  it  would  take  some- 
thing like  720  years  to  raise  the  29,000  square  miles  of  alluvial 
lerritor}-  one  foot ;  so  that,  if  the  xXlississippi  River  were  left  alone, 
the  time  would  be  very  remote  when  the  elevation  of  floods  would 
increase  3.47  feet,  as  has  taken  place  in  twenty-three  years,  or  be- 
tween 1874  and  1897. 

One  of  the  main  causes  of  the  increase  of  flood  elevations  is 
the  construction  of  the  levees  on  lines  not  calculated  to  maintain 
a  constant  cross-section  of  the  river,  or  especially  of  that  portion 
of  volume  which  flows  above  the  natural  bank ;  such  construction 
afl"ords  an  opportunity  for  the  volume  to  lose  its  velocity  at  points 
where  levees  are  placed  comparatively  far  apart,  and  thus  requires 
an  artificial  head  to  cause  the  volume  to  resume  its  flow  through 
a  more  confined  portion  of  the  river.  This  elevation  of  the  vol- 
umes in  the  wide  portions  further  reduces  the  slope  and  velocity 
of  river  above,  and,  hence,  affects  the  whole  river  and  interferes 
with  any  imiform  velocity ;  and,  further,  the  low  velocity  thus  pro- 
duced at  points  is  sufficient  to  form  deposits  and  decrease  cross-sec- 
tion. This,  in  turn,  causes  further  elevation  of  flood  surface  and  pro- 
duces at  other  points  such  intense  velocity  as  to  abrade  the  bed 
and  banks,  and  oftentimes  materially  increases  the  length  of  the 
main  channel.  This  is  also  true  of  points  where  the  river  itself  and 
levees  are  wide,  as  compared  with  other  points  where  the  river 
and  levees  are  narrow,  producing  relatively  low  and  relatively 
high  velocities,  rendering  impossible  any  uniform  velocity.  Again, 
there  are  places  where  the  river  is  entirely  too  narrow  to  properly 
pass  the  floods,  and  some  of  these  narrow  points  are  highly  im- 
proved, as  at  New  Orleans. 

Another  cause  for  the  increase  of  elevation  of  floods,  and 
fluctuations  in  elevations  for  equal  volume  of  discharge,  is  the 
changing  of  the  bed  of  the  river  and  the  moving  back  of  levees 
around  bends.     This   materiallv   increases  the   distance   to  ocean 
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level,  and  thus  reduces  the  slope  and  the  average  velocity,  and 
is  further  assisted  by  the  great  inequalities  in  the  width  between 
levees,  providing  the  conditions  above  outlined. 

Another  cause  may  be  found  in  the  accretions  which  form  on 
the  bottom  and  sides  of  the  channel  on  the  apex  sides  of  bends, 
without  a  corresponding  amount  of  abrasion  on  the  concave  side, 
during  seasons  of  normal  floods.  This  condition  may  increase  for 
a  year  or  two,  when  a  flood  with  a  very  high  elevation  ensues,  due 
less  to  a  greater  volume  than  to  the  choked  or  diminished  cross- 
section  of  river  channel. 

The  combination  of  all  of  these  causes  produces  a  constant  stop 
and  start ;  retardation  and  acceleration  of  velocity,  causing  exces- 
sive accretions  at  one  point,  and  excessive  abrasion  at  another, 
cutting  out  a  channel  through  a  choked  cross-section  at  one  place 
and  depositing  it  in  a  cross-section  of  superabundant  area  at 
another  place  until  it  in  time  becomes  choked,  and  thus  the  eleva- 
tion of  the  floods  is  constantly  varying  and  steadily  increasing,  due 
to  the  increase  of  resistance  for  channel  to  clear  itself  of  deposits. 
The  yearly  extension  of  the  river  into  the  Gulf,  as  affecting  the 
slope,  is  insignificant  and  requires  no  consideration  as  affecting 
the  elevation  of  floods,  excepting  for  periods  of  time  as  marked  by 
centuries. 

That  the  elevation  of  great  floods  is  increased  by  reason  of 
greater  volume  cannot  be  conclusively  determined  in  the  affirmative. 
Were  the  elevation  of  normal  floods  not  increasing  in  practically  the 
same  ratio  as  the  elevation  of  the  great  floods,  more  consideration 
could  be  given  to  the  great  increase  in  the  volume  of  one  great 
flood  over  that  of  another. 

The  careful  consideration  of  the  records  of  great  floods  for 
the  past  seventy  years  would  clearly  indicate  that  the  volume  is  not 
increasing,  and  there  is  every  reason  why  the  maximum  volume 
should  not  increase  with  the  settling  up  and  improvement  of  the 
country  over  that  of  the  great  floods  which  occurred,  when  the 
whole  country  tributary  to  the  Mississippi  was  wholly  unimproved. 
The  opening  up  and  improving  of  the  country  has  very  largely 
increased  the  percolation  and  retention  of  water  on  the  lands,  and 
the  installation  of  industrial  enterprises  retains  large  quantities 
which  formerly  were  precipitated  to  the  Mississippi  immediately 
the  warm  season  opened.  With  the  further  development  of  the 
country,  this  volume,  which  will  be  retained  and  allowed  to  run 
off  gradually,  will  greatly  decrease  the  maximum  volume  of  future 
floods,  and  even  with  the  worst  combinations  and  most  undesirable 
conditions  as  to  the  breaking  up  of  seasons  of  cold  weather,  the 
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maximum  volume  of  future  tloods  should  not  exceed  the  maximum 
volume  of  the  f^^reat  floods  of  the  past.  It  is,  however,  possible, 
and  even  probable,  that  very  .q-reat  future  advantage  will  be  se- 
cured to  the  Lower  Mississij^jM  by  the  construction  of  further 
works  havinq;  for  their  object  the  further  retention  of  water  for 
irrigation,  or  other  purposes  of  the  territory  tributary  to  the 
Mississippi,  and  thus  entail  a  double  benefit. 

The  suggestions  as  to  the  methods  to  adopt  in  order  to  secure 
the  very  lowest  possible  permanent  maximum  flood  elevation  for  the 
Lower  Mississippi  (i6  feet  or  less  at  Carrollton)  are  replete  with 
material  for  discussion  and  consideration. 

The  first  steps  toward  securing  satisfactory  results  would 
ho  to  provide  a  firm  base  or  foundation  for  such  conclusion  as  may 
be  reached,  by  the  inauguration  of  measures  to  secure  full  and 
complete  data  and  information  of  all  the  conditions  now  existing 
which  have  a  bearing  on  the  subject,  and  to  this  end  it  would  be 
necessary  to  correlate,  and  place  in  such  shape  as  can  be  utilized, 
all  the  data  secured  by  the  United  States  Government  and  the 
Mississippi  River  Commission,  and  all  the  reliable  data  which  can  be 
furnished  by  levee  boards,  levee  engineers  or  other  parties,  and 
fill  in  with  the  best  possible  judgment,  by  interpolation  or  otherwise, 
the  data  covering  past  conditions  w^hich  are  not  attainable,  and  then 
proceed  to  arrange  for  the  securing  of  accurate  data  of  all  the 
conditions,  as  to  cross-section  of  channel  throughout  the  whole 
length  of  the  Lower  Mississippi ;  make  complete  investigation  as 
to  direction  and  intensity  of  currents,  and  of  all  abrasion  and  ac- 
cretion of  banks ;  secure  all  data  necessary  to  determine  positively 
the  cause  for  any  and  all  of  the  varied  actions  of  the  river,  such  as 
accelerated  and  retarded  velocities,  shoaling  and  scouring  of  bed, 
accretion  and  abrasion  of  banks ;  also  note  all  the  conditions  neces- 
sary to  determine  the  practicability  of  the  adoption  of  such  remedy 
as  may  be  determined  upon.  Make  full  investigation  and  survey 
of  all  low  alluvial  lands,  note  all  the  conditions  necessary  to  de- 
termine as  to  the  practicability  of  their  utilization  as  relief  avenues 
for  the  floods,  and  at  the  same  time  assist  in  making  these  low 
lands  suitable  for  future  agricultural  enterprises ;  in  fact,  make 
the  whole  investigation  as  nearly  complete  as  possible,  and  thus 
enable  the  whole  subject  to  be  studied  and  considered  in  all  its 
phases.  This  might  perhaps  result  in  the  adoption  of  methods, 
quite  inexpensive  and  most  efficient,  not  thought  of  now,  for  the 
securing  of  the  object  sought  to  be  obtained,  and  at  the  same  time 
provide  very  great  advantages  to  industrial  and  commercial  enter- 
prises. 
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In  the  absence  of  full  and  complete  data  and  information  on 
all  points  bearing  on  the  subject,  or  rather  in  the  light  of  such 
information  as  is  now  before  us,  it  would  appear  that,  to  provide 
proper  protection  of  the  Mississippi  Delta  against  inundation,  there 
must  be  provided,  in  addition  to  levee  building,  a  reasonably  uni- 
form cross-section  of  river,  especially  for  the  volume  flowing  above 
top  of  natural  ground,  that  the  levees  should  be  located  to  provide 
this  requisite  and  that  future  location  of  levees  should  be  deter- 
mined by  the  calculation  for  volume  and  velocity  of  river  at  any 
point,  for  the  purpose  of  providing  proper  cross-section,  rather  than 
by  such  physical  condition  as  may  exist,  as  is  the  present  prac- 
tice. 

Measures  must  also  be  adopted  by  which  the  extensive  caving, 
by  reason  of  constant  and  heavy  abrasion  of  banks  in  bends,  will 
be  measurably  retarded.  To  accomplish  this  end,  the  heretofore 
condemned  suggestion  looking  to  the  removal  of  accretions  on 
bends  or  points  can  no  doubt  be  practiced  with  great  benefit.  The 
desired  requisite  to  be  secured,  to  maintain  a  low  and  uniform 
elevation  of  floods,  is  a  channel  which  is  of  such  cross-section  as  to 
flow,  with  a  reasonable  velocity,  the  volumes  received.  A  careful 
investigation  of  the  channel,  after  each  high  water,  will  give  the 
data  necessary  to  determine  by  calculation  what  work  will  be  re- 
quired in  removing  accretioning  banks,  bars  or  other  obstructions 
to  secure  the  proper  channel  for  the  ensuing  season. 

Should  the  investigation  disclose  the  fact,  which  in  all  prob- 
ability it  will,  that  at  places  the  river  is  too  narrow  and  the  levees 
too  close,  the  latter  must  be  removed,  and  conditions  provided  by 
which  the  river  will  cut  a  channel  of  the  requisite  cross-section ; 
where  choked  cross-sections  exist  at  points  where  valuable  improve- 
ments are  located  on  the  adjacent  banks,  as  at  New  Orleans,  the 
additional  channel  area  required  may  be  secured  by  a  spill-way 
extending  from  a  point  just  above  the  city  and  connecting  the  river 
at  the  English  Turn ;  the  ends  of  this  spill-way  to  be  located 
at  an  elevation  of  say  13  feet  Carrollton  gage,  or  such  elevation 
as  may  be  determined  as  coincident  with  the  volume,  section  and 
velocity  safe  to  pass  New  Orleans  ;  and  the  ends  of  the  spill-way 
to  be  made  of  masonry,  impermeable  to  action  of  water,  and  thus 
secure  control  of  the  volume  it  will  convey.  This  spill-way  will 
assist  in  maintaining  a  velocity  in  the  main  channel  past  New 
Orleans  such  as  will  not  cause  the  heavy  abrasion  now  sustained 
by  reason  of  the  high  velocity  required  to  pass  flood  volume. 

I  am  of  the  opinion  that  the  suggestion  made  by  Brigadier- 
General   B.    S.   Roberts,  of  the   United   States   Army,   to   reclaim 
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waste  swamps  along  the  Lower  Mississippi  by  utilizing'  the  delta- 
making  material  of  the  surplus  water  of  the  river,  will,  with  some 
modification,  prove  most  beneficial  to  all  interests,  especially  the 
agricultural  and  sanitary  interests  of  Louisiana ;  and  I  am  con- 
vinced that  such  measures  will  also  form  a  most  important  factor 
in  maintaining  a  correspondingly  low  and  permanent  elevation 
of  floods,  will  render  unnecessary  large  future  expenditure  for  levee 
construction  and  will  provide  the  greatest  possible  security  against 
inundation,  notwithstanding  the  fact  that  the  Government  en- 
gineers in  charge  of  the  Mississippi  River  improvements  con- 
demned and  criticised  the  suggestion  of  General  Roberts  as  having 
no  merit. 

The  measures  I  would  suggest,  as  modifications  of  the  plan 
presented  by  General  Roberts,  would  be  such  as  not  only  affect  the 
flood  slope  of  the  river  and  vastly  improve  the  lowlands,  both  from 
a  financial  and  sanitary  point  of  view,  but  would  further  provide 
an  invaluable  supply  of  water  for  irrigating  the  land  during  the 
low-water  season,  which  is  not  infrequently  accompanied  by  a  long 
season  of  drouth.  To  this  end,  there  would  be  located,  at  such 
points  as  the  survey  and  investigation  would  best  determine,  a 
spill-way  of  such  construction  as  to  be  positively  free  from  danger 
of  washing  out,  the  sill  of  which  to  be  at  such  elevation  as  condi- 
tions would  determine.  This  spill-way  would  be  connected,  by 
levees  across  the  high  ground  adjacent  to  the  river,  with  a  large 
reservoir  or  basin  constructed  directly  in  the  low  ground  or  swamps. 
The  size  of  this  basin  would  be  such  as  conditions  may  determine, 
for  illustration,  say  10  miles  long  and  5  miles  wide,  embracing 
an  area  of  50  square  miles.  This  reservoir  would  be  constructed  by 
dredges  from  the  inside  and  the  proper  levees  would  be  formed 
around  it  to  such  height  as  may  be  determined, — say  of  sufficient 
height  to  maintain  the  surface  of  water  at  an  elevation  of  5  feet 
above  the  high  land  adjacent  to  river  where  the  spill- way  has 
ceased  to  run.  At  such  point  as  may  be  desired,  in  the  levee  forming 
the  reservoir,  w'ill  be  constructed  a  spill-way  to  allow  the  water  from 
the  river  to  pass  directly  to  the  swamps,  after  filling  the  reservoir. 
The  surface  of  the  swamps  will  be  gradually  raised  by  the  deposits 
from  the  river  water,  and  any  territory  desired  can  be  elevated 
by  construction  of  small  levees  to  direct  the  flow  after  the  water 
leaves  the  reservoir.  Thus,  at  small  expense,  the  whole  territory 
adjacent  to  the  reservoir  will  be  elevated  in  a  few  years.  In  the 
course  of  time,  say  twenty-five  or  thirty  years,  or  when  sufficient 
filling  has  taken  place,  the  spill-way  and  reservoir  could  be  aban- 
doned and  new  ones  constructed  at  other  points,  and  thus  the  alluvial 
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territory  along  the  river  would  be  constantly  elevated,  co-extensive 
with,  and  perhaps  at  a  greater  rate  than  the  increase  of  elevation  of 
floods  from  natural  causes.  The  reservoir  of  the  dimensions 
above  referred  to,  holding  5  feet  of  water,  would  contain  6,969,- 
600,000  cubic  feet  of  water  when  flood  in  the  river  recedes  below 
elevation  of  sill  of  spill-way ;  and  this  volume  of  water  could  by 
gravity  be  used  to  irrigate  the  adjacent  lands  during  a  dry  season. 
On  the  assumption  of  there  being  required  for  proper  irrigation 
an  acre  foot  or  a  depth  of  12  inches  of  water  over  the  whole  ter- 
ritory to  be  irrigated,  the  volume  would  irrigate  160,000  acres 
of  land,  and  a  low  estimate  of  the  value  of  such  irrigation  would 
be  $5  per  acre,  which  would  aggregate  an  advantage  amounting 
to  $800,000  per  annum  or  10  per  cent,  on  a  capitalization  of  $8,000,- 
000,  not  including  the  advantages  accruing  from  the  elevating  of 
these  lands,  making  them  productive,  and  at  the  same  time  removing 
extensive  malarial  breeding  areas  and  improving  the  sanitary  con- 
dition of  the  territory. 

The  dimensions  of  the  spill-ways  and  reservoirs  would  be  such 
as  would  be  determined  by  the  survey  and  full  consideration  of  the 
location  selected.  Approximately,  the  spill-way  would  be  5000  feet 
long  and  would  have  a  maximum  capacity  of  60,000  cubic  feet 
per  second,  and  it  would  be  judicious  that  a  sufficient  number  be 
constructed  to  have  an  aggregate  maximum  discharge  of  400,000 
cubic  feet  per  second,  or  say  eight  in  number,  located  at  such 
points  as  to  cover  the  low  ground  to  best  advantage  and  make  the 
connecting  levees  as  short  as  possible.  In  the  main,  these  large 
spill-ways  and  reservoirs  should  be  located  on  the  right  bank,  as 
larger  areas  of  lowland  lie  on  this  side  of  the  river  and  the  con- 
nection with  the  sea  is  more  direct ;  although  several  small  spill- 
ways and  large  reservoirs  could  be  located  to  great  advantage  on 
the  left  bank. 

Closer  investigation  and  experience  will  determine  the  volume 
which  can  be,  with  best  advantage,  passed  from  the  river  to  the 
spill-way,  but  for  economic  interest  the  volume  allowed  to  flow 
over  the  lowlands,  as  proposed,  should  be  as  large  as  possible,  and 
perhaps  it  may  be  wise  to  exceed  the  volume  of  400,000  cubic  feet 
per  second  above  referred  to.  This  may  be  done  without  decreas- 
ing the  velocity  in  the  river  sufficiently  to  form  deposits.  The 
volume  in  the  river,  when  it  recedes  to  the  sill  of  the  spill-way,  may 
be  most  advantageously  fixed  at  such  volume  as  will  produce  a 
velocity  not  exceeding  5  feet  per  second,  or  with  maximum  dis- 
charge of  about  800,000  cubic  feet  per  second. 


FLOODS  IN  THE  LOWER  MISSISSIPPI  RIVER.  359 

As  above  represented,  the  annual  value  of  spill-way  and  reser- 
voir for  irrigation  would  approximate  $800,000  for  each  spill-way 
having-  a  capacity  of  60,000  cubic  feet  per  second  and  reservoir 
embracing  50  square  miles,  which,  for  eight,  or  sufficient  to  dis- 
charge 400,000  cubic  feet  per  second,  with  corresponding  reservoir 
capacity,  would  amount  to  $6,400,000  per  annum,  or  10  per  cent, 
on  a  capitalization  of  $64,000,000.  The  cost  of  the  spill-ways  and 
reservoirs  would  depend  on  location,  but  approximately  the  cost 
of  each  would  not  exceed  $600,000,  not  including  the  value  of  the 
land  occupied. 

The  foregoing,  however,  does  not  represent  all  of  the  direct  ad- 
vantages which  would  be  secured.  The  elevating  and  reclaiming 
of  the  lowland  will,  in  time,  produce  an  advantage  of  enormous 
value.  Land  now  w'orth  $1.25  per  acre  will  become  the  most  fertile 
and  productive  in  the  Union,  and  the  crops  grown  will  yield  a  reve- 
nue equal  to  10  per  cent,  on  a  capitalization  of  from  $50  to  $150  per 
acre. 

The  suggestion,  as  will  be  observed,  contemplates  the  delivery 
of  water  on  to  the  lowlands  at  such  velocity  and  in  such  manner 
as  will  admit  of  deposits  forming  adjacent  to  the  reservoir,  or  at 
any  point  desired,  by  the  construction  of  a  small  supplemental 
levee,  and  obviate  entirely  the  hign  velocities  and  the  heavy  abra- 
sion of  land,  and  uncontrollable  points  of  deposit  which  are  se- 
cured by  a  sill  and  side  levee  to  the  lowland,  which  is  practically 
a  leveed  crevasse ;  and  further  secure  the  irrigating  reservoirs.  It 
w^ould  be  pertinent  to  remark  that  the  irrigation  of  our  lands  is  a 
progression  which  in  the  very  near  future  will  be  most  fully  ap- 
preciated, and  wull  be  adopted  wherever  an  opportunity  offers. 
For  the  purpose  of  irrigation,  large  reservoirs  with  small  spill- 
ways could  be  placed  along  the  Upper  Mississippi. 

Allowing  that  400,000  cubic  feet  per  second  is  passed  by  eight 
spill-ways  and  allowed  to  deposit  on  low  ground  for  an  average 
period  of  120  days  each  year,  and  that  the  water  contains,  of  solids, 
I  part  in  1500  parts,  the  deposit  per  year  would  be  5  inches  deep 
over  an  area  of  250,000  acres,  or  5  feet  deep  in  12  years,  or  on 
an  average  it  would  fill  63,470  acres  i  foot  deep  each  year,  and  in 
100  years  it  would  fill  6,347,000  acres  i  foot  deep. 

Recapitulating  the  calculations :  400,000  cubic  feet  per  second 
for  120  days  would  deliver  on  the  lowlands  4,147,200,000,000 
cubic  feet  of  water,  and  on  basis  of  i  part  solid  in  1500  parts,  the 
amount  of  deposit  would  be  2,764,800,000  cubic  feet  of  earth,  or 
102,400,000  cubic  yards,  or  153,600,000  tons,  or  5,120,000  carloads 
of  30  tons  each,  and  allowing  30  feet  to  the  car  would  make  a 
32 
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train  29,130  miles  lonj^,  and  if  this  train  traveled  at  the  rate  of  30 
miles  per  hour,  it  would  take  over  40  days  to  pass  one  point. 

This  illustrates  the  enormous  amount  of  earth  carried  by  the 
Mississippi  each  year  and  deposited  in  the  Gulf  of  Mexico.  Did 
not  nature  intend  that  the  Mississippi  River  should  drain  the  terri- 
tory embracing  thirty-two  states,  two  territories  and  a  portion  of 
the  British  possessions,  on  the  principle  that  the  section  which  was 
injured  or  jeopardized,  and  which  required  work  of  protection, 
would  be  recompensed  at  the  expense  of  the  territory  that  sus- 
tained benefits  with  no  corresponding  injury?  And  did  nature  in- 
tend the  millions  of  tons  of  fertile  earth  carried  by  the  Mississippi 
to  be  wasted  in  the  waters  of  the  Gulf  of  Mexico? 

I  believe  it  was  intended  by  nature  that  the  Mississippi  River 
should  be  the  source  of  very  great  benefit  to  mankind,  but  stipulated 
that  if  mankind  would  receive  the  full  benefit  of  this  river  he  must 
use  intelligence  and  exertion,  as  is  shown  by  similar  works  of 
nature.  And  I  further  believe  that  mankind  is  endowed  with  all 
the  necessary  intelligence  to  positively  avoid  danger  of  inundation 
of  the  alluvial  lands  of  the  Lower  Mississippi,  and  realize  all  the 
benefits  of  the  rich  material  carried  in  suspension,  by  filling  in  the 
low  places  and  enriching  the  whole  territory  as  desired,  as  also  im- 
proving the  sanitary  condition  of  this  section,  and  the  consumma- 
tion of  these  most  desirable  conditions  depends  entirely  on  the 
energy  of  mankina.     Have  we  energy  to  help  ourselves? 

DISCUSSION. 

Mr.  H.  B.  Richardson. — This  paper  announces  conclusions 
as  to  the  height  of  future  floods  in  the  Lower  Mississippi  River, 
and  the  consequent  dangers  impending,  which,  if  correct,  must  be 
regarded  as  appalling,  and  may  well  cause  us  to  join  with  the 
author  in  asking,  "Have  we  the  energy  to  help  ourselves?" 

When  it  appears  that  a  "consideration  of  the  facts  .  .  . 
would  determine  as  conservative  a  rate  of  increase  in  the  future 
of  one  foot  in  five  years,"  so  that  the  levees  required  to  restrain 
the  flood  "in  1950  will  be  ten  feet  higher  than  at  present," — and 
presumably  twenty  feet  higher  in  the  year  2000.  With  an  equal 
increase  each  succeeding  century,  we  may  think  the  wisest  ap- 
plication of  our  energies  to  be  toward  the  removal  of  ourselves 
and  our  belongings  to  regions  of  greater  altitude. 

It  is  some  comfort,  however,  to  find  the  author  remarking 
that  "any  conclusions  reached  will  be  understood  as  being  sus- 
ceptible of  such  modification  as  more  full  and  correct  data  may 
conclusively  determine  to  be  correct  and  proper." 
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And  it  may  afford  further  relief  to  examine  more  carefully 
the  table  constructed  by  the  author  "to  amplify  and  form  a  base 
for  the  conclusions"  presented. 

This  table,  in  which  we  are  informed  "the  history  of  the 
great  floods  is  recorded,"  contains  six  columns  of  figures,  re- 
ferring to  the  gage  height,  slope,  velocity  and  discharge  at  Car- 
rollton,  of  thirteen  floods  during  the  period  of  seventy-one  years 
between  1828  and  1899.  The  two  last  columns  ("Velocity"  and 
"Discharge")  contain  twenty-five  items,  thirteen — that  is.  56  per 
cent. — of  which  "are  interpolated  from  the  records  of  other 
years,"  according  to  a  system  of  the  author's  own  devising, — 
namely,  by  finding,  in  the  reports  of  the  Mississippi  River  Com- 
mission, a  gaging  of  discharge  and  velocity  made  at  Carrollton 
at  any  time  when  the  stage  was  the  same  as  the  highest  of  the 
year  given  in  the  first  column  of  the  table,  and  filling  in  the 
last  two  columns  with  the  discharge  and  velocity  so  found.  For 
instance,  as  shown  in  the  second  table,  the  author  takes  from 
the  records  of  ^larch  25,  1851, — when  the  gage  reading  at  Car- 
rollton was  15.2, — the  velocity  and  discharge  as  then  gaged, 
and  "interpolates"  them  for  the  year  1828,  when  he  says  the 
flood  stage,  on  April  i,  was  the  same.  Wliy  the  gaging  of  March 
25,  1851,  should  have  been  selected  for  "interpolation"  in  pref- 
erence to  that  of  March  22,  when  the  stage  was  the  same,  but  the 
velocity  and  discharge  considerably  greater,  is  not  apparent. 
Nor  why  the  "interpolations"  for  April  25,  1898,  should  have 
been  taken  from  the  records  of  June,  1892,  instead  of  March, 
1891,  when  the  stage  was  the  same  and  the  observed  velocity 
and  discharge  decidedly  larger.  The  "slope  per  mile"  given  in 
the  fourth  column  is  also  "interpolated"  from  assumed  data; 
so  that,  after  all,  the  only  column  of  the  table  that  purports  to 
give  any  real  "history  of  the  great  floods"  is  the  second, — i.e., 
"gage  reading," — the  third  column  being  simply  a  variant  of  the 
second,  produced  by  the  subtraction  of  a  constant  difference 
(0.35)  between  zero  of  the  gage  and  mean  Gulf  level. 

From  the  table  so  constructed  the  author  proceeds  to  show 
the  "rate  of  increase  of  future  maximum  flood  elevations."  For 
forty-six  years  of  the  period  included  in  his  table  he  finds  it  only 
a  foot  in  ninety  years,  while  in  the  next  twenty-three  years  it 
goes  up  to  the  alarming  rate  of  a  foot  in  six  and  one  half  years, 
the  last  seven  years  of  which  period  has  rushed  on  at  the  fearful 
rate  of  a  foot  in  about  two  and  one-half  years. 

He  fails,  however,  to  note  that  during  the  last  two  years 
included  in  the  table  there  has  actually  been  a  decrease  at  the 
rate  of  almost  a  foot  in  seven  and  a  half  months. 
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Nor  does  he  mention  the  fact,  shown  by  the  table,  that  the 
increase  from  the  beginning  to  the  end  of  the  period  covered, 
is  only  a  foot  in  eighty-eight  and  three-fourths  years,  or  about 
the  same  as  that  given  for  the  first  forty-six  years. 

And  yet  the  author,  after  a  "careful  consideration  of  the 
facts  presented"  in  the  table,  concludes  it  to  be  a  thing  that  "may 
be  expected"  that  an  increase  of  future  flood  elevations  at  Car- 
rollton  will  continue  indefinitely  at  the  rate  of  one  foot  in  each 
five  years. 

This  can  be  compared  only  to  the  conclusions  of  another 
experienced  observer — Mr.  S.  L.  Clemens — in  which  he  shows, 
from  the  rate  at  which  the  river  is  being  shortened  by  cut-ofifs, 
that  the  corporate  limits  of  New  Orleans  and  Cairo  must  over- 
lap each  other  at  some  future  date,  not  now  recalled  by  this 
writer,  but  probably  about  the  same  time  that  the  levees  here 
are  built  ten  feet  higher  than  at  present. 

The  author's  local  experience  and  observation  has  covered 
a  period  of  twenty-one  years,  and  his  conclusions  are  entitled  to 
serious  consideration. 

But  it  should  be  remembered  that  the  investigations  of 
Humphreys  and  Abbot,  reported  in  their  "Physics  and  Hydraulics 
of  the  Mississippi  River,"  covered  a  period  of  ten  years  between 
1850  and  1861 ;  and  that  the  Mississippi  River  Commission  has 
been  diligently  studying  the  same  problem  for  over  twenty  years 
- — or  since  1879;  both  with  ample  means  for  surveys  and  numer- 
ous assistants,  and  that  the  scope  of  their  operations  has  included 
not  only  all  that  was  to  be  learned  from  the  surveys  and  ob- 
servations at  Carrollton  and  New  Orleans,  but  also  throughout 
the  entire  river. 

The  Humphreys  and  Abbot  report  gave  certain  elevations  at 
numerous  points  along  the  river,  which  they  considered  as 
probably  the  highest  likely  to  be  reached  by  any  flood  confined 
between  levees,  not  greater  in  volume  than  those  previously 
recorded.  After  the  flood  of  1874,  the  Commission  appointed  by 
the  President  to  report  on  the  flood  of  that  year,  practically 
adopted  the  same  conclusions  regarding  the  probable  flood-eleva- 
tions. And,  finally,  the  Mississippi  River  Commission,  after 
some  seventeen  years  of  surveys,  investigations  and  studies, 
adopted  a  provisional  standard  of  probable  flood  heights,  not 
greatly  differing  from  the  conclusions  of  its  predecessor,  though 
somewhat  higher  at  Carrollton. 

No  flood  has  yet  come  within  more  than  a  foot  of  reaching 
the  latter  standard  at  Carrollton,  and  only  one  has  reached  the 
mark  set  by  Humphreys  and  Abbot  forty  years  ago. 
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Considering'  tiio  relative  opportunities  enjoyed  by  the 
several  investigators  for  collecting  full  data  and  for  comprehen- 
sive discussion  of  the  whole  subject,  the  present  writer  is  in- 
clined to  accept  the  more  moderate  conclusions  of  Humphreys  and 
Abbot  and  the  Mississippi  River  Commission,  rather  than  the 
startling  predictions  of  the  author. 

Mr.  B.  M.  Harrod. — In  the  paper  under  discussion  the  title, 
"Lower  Mississippi,"  is  limited  to  that  part  of  the  river  below  the 
mouth  of  the  Red  River.  It  has  usually  been  understood  as  ex- 
tending over  all  parts  flowing  through  the  alluvial  valley,  or  wher- 
ever its  geology  and  physics  are  the  same. 

The  phenomena  of  any  one  part  are  explainable  only  bv  a 
comparative  study  of  all  parts  where  similar  conditions  prevail. 

Gage  heights  are  transmitted  with  substantial  regularity  from 
one  station  to  another  over  any  length  of  the  river  which  is  not 
affected  by  tributaries  or  outlets.  If  either  of  these  disturbing 
influences  intervene  between  two  gages  the  relation  of  one  to  the 
other  is  disturbed,  and  no  flood  estimate  can  be  based  on  the  lower 
one  without  estimating  the  effect  of  the  intervening  disturbance. 

Probably  the  law  of  the  uniform  relation  of  successive  gages 
would,  for  obvious  reasons,  be  more  closely  applicable  to  that  part 
of  the  ^Mississippi  below  Red  River  than  to  any  other  whenever  the 
discharge  passing  that  station  reaches  the  sea,  or  at  least  the  Fort 
Jackson  gage,  without  loss.  But  this  has  not  been  the  case  in  any 
year  of  large  or  even  of  moderate  floods  until  recently.  The  loss 
of  discharge  by  crevasses  between  Red  River  and  CarroUton  has 
always  disturbed  their  high-water  gage  relation.  On  several  occa- 
sions the  escape  through  crevasses  amounted  to  one-third  or  more 
of  the  discharge  passing  the  former  station.  Under  such  condi- 
tions no  conclusion  concerning  the  increase  or  decrease  of  floods 
can  be  reached  by  an  examination  of  recorded  gage  heights  at  Car- 
roUton without  a  study  of  the  effect  of  the  crevasses. 

The  fallacy  of  any  such  method  of  reasoning  is  shown  by  an 
examination  of  the  relative  heights  of  the  gages  at  Red  River  and 
at  CarroUton  during  the  time  that  these  stations  have  been  care- 
fully maintained  and  regularly  recorded,  or  since  the  high  water  of 
1 87 1,  a  period  of  thirty  years. 

The  discharge  at  Red  River  gage  station  is  the  sum  of  the  dis- 
charges of  the  main  trunk  of  the  Mississippi,  of  the  Red  River  and 
of  the  overflow,  if  any,  through  the  Tensas  Basin,  less  the  discharge 
of  the  Atchafalaya.  A  certain  gage  reading  at  Red  River  will 
give,  approximately,  a  certain  gage  reading  at  CarroUton,  provided 
there  are  no  crevasses  between.     The  discharge  of  the  Lafourche 
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is  so  small,  even  at  flood  stage,  that  it  may  be  neglected  in  so  crude 
a  discussion  as  this. 

In  any  examination  of  gage  heights,  to  determine  the  tendency 
of  floods  to  increase  or  diminish,  the  writer  prefers  the  method  of 
dividing  the  total  period  of  available  records  into  groups  and  com- 
paring the  averages,  rather  than  picking  out  arbitrarily  the  maxi- 
mum heights  in  two  flood  years  and  assuming  that  the  difference 
between  them  indicates  the  rate  of  change,  without  a  consideration 
of  modifying  condition. 

The  following  are  the  averages  of  the  three  groups  of  flood 
heights  of  ten  years  each,  at  Red  River  and  at  Carrollton,  from 
1872  to  the  present  time: 

Station.  1S72-1S81. 

Red  River  41-43 

Carrollton    12.50 

It  will  be  observed  that  the  second  decade  shows  an  increase 
over  the  first  at  Red  River  of  2.34  feet,  or  5^  per  cent. ;  and  at  Car- 
rollton of  2.07  feet,  or  16^  per  cent.  The  third  decade  compared 
with  the  second  shows  at  Red  River  a  decrease  of  2.'j'j  feet,  or  6-J 
per  cent. ;  and  at  Carrollton  an  increase  of  0.37  feet,  or  2\  per  cent. 
The  third  decade,  compared  with  the  first,  shows  at  Red  River  a 
decrease  of  0.43  feet,  or  i  per  cent. ;  and  at  Carrollton  an  increase 
of  2.4;  feet,  or  19-I  per  cent. 

These  figures,  including  all  that  are  sufiiciently  complete  and 
reliable  for  use,  indicate  no  progressive  change  of  importance  at 
Red  River,  and  a  considerable  but  irregular  increase  at  Carrollton. 
The  former  gage  records  the  discharge  of  the  valley  across  the 
thirty-second  parallel,  modified  only  by  the  distribution  of  discharge 
down  the  main  trunk  and  through  the  Tensas  Basin,  while  the 
Carrollton  gage  has  been  largely  controlled  by  intervening 
crevasses. 

This  exhibit  directly  connects  the  increase  of  high  w-aters  at 
Carrollton,  with  the  improvement  of  the  levee  system  which  fol- 
lowed the  organization  of  the  State  levee  boards  and  the  first  exten- 
sion of  Government  aid  early  in  the  second  decade,  from  1882  to 
1 89 1,  and  with  the  continued  and  increasing  vigor  with  which  the 
work  has  been  pushed,  both  by  the  States  and  general  Government, 
since  1892. 

In  this  connection,  it  may  be  interesting  to  give  the  record  at 
Cairo,  near  the  head  of  the  valley,  as  it  has  been  used  at  Red  River 
and  Carrollton.  During  the  second  decade  the  average  of  high 
waters  was  lof  per  cent,  higher  than  in  the  first ;  in  the  third  it  was 
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9  per  cent,  lower  than  in  the  second,  and  suhstantially  the  same  as 
in  the  first  decade. 

Tlie  evidence  of  any  present  change  in  flood  heights  other  than 
that  accounted  for  by  building  of  levees  is  entirely  inconclusive. 
The  author  is  of  the  opinion  that  the  floods  of  the  future  will  not 
increase,  but  may  decrease.  The  reasons  given,  connected  with 
the  breaking  up  of  ground  for  cultivation  and  the  extension  of 
irrigation,  are  probably  good,  as  far  as  they  go,  for  the  western 
tributaries.  But  it  is  hard  to  believe  that  the  extensive  deforesting 
of  the  western  slopes  of  the  Alleghenies  can  fail  to  increase  the 
rapidity  and  thoroughness  of  the  run-off  from  these  mountains, 
making  the  high  water  higher  and  the  low  water  lower. 

The  building  of  levees  commenced  from  small  beginnings 
nearly  two  centuries  ago.  and  since  then  has  been  the  only  method 
emjiloyed  for  the  reclamation  and  protection  of  the  alluvial  lands 
of  the  valley.  Since  1850  the  levee  system  has  received  thorough 
study  and  full  discussion.  Humphreys  and  Abbot  reached  a  con- 
clusion in  favor  of  a  combined  system  of  levees  and  outlets,  but 
failed  to  find  an\-  suitable  location  for  the  latter.  Abbot  demon- 
strated the  futility  of  attempting  to  grade  up  the  lower  lands  of  the 
valley  by  deposit  from  overflow.  Barnard,  Bailey,  Forshey,  Eads 
and  many  others  advocated  levees.  The  discussion  occupied  many 
engineers  and  entered  both  houses  of  Congress  and  their  com- 
mittees. \\'hile  it  raged  the  people  who  wanted  to  live  and  plant 
in  the  river  States  went  on  strengthening  and  extending  the  levees. 
It  is  now  the  adopted  system  because  it  is  proved  theoretically  right 
and  practically  useful.  Levees  have  caused  no  elevation  of  the  bed 
of  the  river  and  no  phenomena  that  were  not  anticipated,  and  have; 
developed  no  insurmountable  difficulties.  They  have  at  all  times 
been,  and  they  are  now,  worth  every  dollar  they  have  cost.  So 
well  are  those  who  live  behind  them  satisfied  of  this  that  there  is 
no  relaxation  of  eft'ort  to  complete  the  system. 

Reservoirs  may,  in  certain  localities,  serve  as  useful  adjuncts 
for  the  regulation  of  high  and  low  water  discharge,  for  irrigation 
or  perhaps  for  sedimentation,  but  their  use  will  be  limited  by  the 
want  of  suitable  physical  conditions  and  their  great  cost. 

General  Barnard,  who  was  not  only  one  of  the  ablest  advocates 
of  the  reclamation  of  the  alluvial  valley  by  levees,  but  also  the  first 
and  for  a  long  time  the  only  United  States  engineer  who  advised 
the  improvement  of  Southpass  by  jetties,  thus  expressed  himself 
in  a  criticism  of  General  Ellet's  plan  of  outlets : 

"The  idea  that  levees  have  any  tendency  to  cause  a  rising  of 
the  bed  is  so  simply  absurd,  so  destitute  of  a  single  reason  to  justify 
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it,  that  it  hardly  seems  necessary  to  allude  to  it.  It  is  the  want  of 
levees,  and  that  alone,  which  can  cause  such  a  rising,  and  in  pro- 
portion as  the  water  is  let  out  from  its  confinement  by  levees,  by 
means  of  crevasses  or  'outlets,'  will  the  bed  of  the  Mississippi  River 
be  elevated. 

"There  is  but  one  protection  to  Louisiana,  and  that  is  levees; 
outlets  or  lateral  vents  of  any  kind  may  be  discussed,  adopted  by 
State  authorities,  perhaps  attempted.  If  so,  they  will  certainly 
deluge  the  unfortunate  district  through  which  their  discharge  is 
carried,  while  they  utterly  fail  to  relieve  the  river ;  producing,  on 
the  otner  hand,  deposits  in  its  bed,  which  they  will  eventually  raise, 
and  with  it  the  surface. 

"In  brief,  to  take  waters  from  the  river  channel  and  to  throw 
them  into  the  lateral  basins,  lakes  and  bayous  is  to  take  them  from 
the  channel  by  which  they  can,  with  the  most  ease  and  safety,  be 
carried  to  the  sea  to  put  them  into  basins  unsuited  by  their  slope 
to  carry  off  the  floods  thrown  upon  them." 

Mr.  William  Joseph  Hardee. — Before  entering  into  a  dis- 
cussion of  the  paper  before  us,  the  writer  desires  to  apologize  to  the 
members  of  this  Society  for  imposing  on  their  time,  and  to  beg 
their  indulgence  if  what  he  has  to  say  upon  the  subject  is  as  ex- 
tended or  more  extended  than  the  original  paper.  The  subject  is 
a  most  vital  one  to  the  inhabitants  of  the  alluvial  valley  traversed 
by  the  Mississippi  River,  and  should  not  be  lightly  dealt  with.  To 
reach  intelligent  conclusions  in  the  matter  of  flood  heights  neces- 
sarily involves  the  investigation  of  a  very  large  field. 

The  harsh  impeachment  has  been  breathed  that  those  engaged 
in  the  works  of  river  improvement  are  perforce,  for  self-protection, 
banded  together  in  supporting  with  great  unanimity  the  methods 
being  employed  through  apprehension  that  they  might,  like  Othello, 
find  themselves  with  their  occupation  gone.  Such  charge  cannot 
be  made  in  the  case  of  the  writer,  as  he  is  not  now  and  may  never 
again  be  identified  with  Mississippi  River  improvements.  He 
feels,  however,  that  his  long  connection  with  those  works  and  his 
experience  of  many  years  spent  in  working  on  the  river  entitle  his 
opinion  to  some  weight  without  question  as  to  his  motives. 

There  is  so  much  fallacious  reasoning  in  the  paper  before  us, 
appealing  strongly  as  it  does  not  only  to  the  layman,  but  to  the 
inexperienced  engineer  as  well,  that  the  writer  feels  it  a  duty  he 
owes  to  the  community  in  which  he  lives  to  exercise  his  best  eftort 
to  defeat  the  circulation  and  acceptance  of  such  unsound  doctrines. 

There  are  to-day  but  few,  if  any,  subjects  more  perplexing  to 
American  engineers  than  the  one  of  economically  controlling  the 
Mississippi  River  with  respect  to  maintaining  adequate  depths  for 
low-water  navigation  ;  providing  against  the  destruction,  by  caving 
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banks,  of  valualjlc  inii)rovenients  situated  in  close  proximity  to 
its  shores,  and  protecting-  against  overtlow  the  lowlands  in  the  val- 
ley through  which  it  flows. 

The  subject  is.  luifortunately,  one  in  which  not  a  large  number 
of  engineers  are  directly  interested,  and  it  has  therefore  challenged 
the  attention  of  not  many  and  the  close  and  devoted  study  of  but 
few. 

No  reliable  conclusions  concerning  that  part  of  the  sul)ject 
relating  to  increasing  flood  heights  can  be  deduced  from  a  study 
of  the  river  at  any  one  particular  point,  or  of  a  very  short  length 
of  it.  The  investigation  should  properly  cover  the  entire  length 
of  the  river  from  Cairo  to  the  Gulf,  for  the  purpose  of  disposing 
of  matters  of  general  bearing  and  influence ;  and  then  there  should 
be  considered  a  stretch  of  river,  ranging  from  100  to  200  miles  in 
length,  throughout  which  the  levee  line  is  continuous  on  both  banks 
and  no  tributary  streams  occur  to  exert  an  extraneous  influence. 
Consideration  of  a  long  length  of  river  is  essential  to  eliminate 
local  vagaries  and  afford  net  results. 

He  who  undertakes  to  study  the  Mississippi  River  intelligently 
soon  finds  himself  in  such  a  maze  of  ramifying  data,  many  of  which 
are  apparently  inconsistent  or  seemingly  contradictory,  that  unless 
he  be  patient  and  persistent  he  w-ill  soon  abandon  his  investigation. 

After  a  careful  consideration  of  the  paper  before  us,  the  writer 
is  forced  to  the  conviction  that  its  author  undertook  to  discuss  his 
subject  with  a  preconceived  theory,  and  in  an  endeavor  to  establish 
the  correctness  of  that  theory  he  has  either  failed  to  make  proper 
research  to  inform  himself  fully  or  else  he  has  ingeniously  avoided 
reference  to  and  consideration  of  such  data  as  are  properly  germane 
to  the  subject,  reviewing  and  employing  only  such  data  as  he 
believed  would  support  his  theory.  As  far  as  employing  data  is 
concerned,  he  fails  to  go  beyond  the  Carrollton  gage,  using  only 
some  controvertible  data  acquired  at  that  gage  upon  which  to  base 
his  theory.  Where  he  does  venture  beyond  the  Carrollton  gage 
his  conclusions  are  mere  opinions,  unsupported  by  even  apparently 
trustworthy  data.  The  writer  has  already  stated  that  reliable  con- 
clusions cannot  be  arrived  at  by  a  consideration  of  the  river  at  one 
point  only,  as  he  will  later  on  endeavor  to  demonstrate.  He  is  so 
impressed  with  that  belief  that,  on  such  account  alone,  he  would 
disregard  the  conclusions  reached  by  the  author,  no  matter  how 
well  such  conclusions  appear  to  be  supported  by  apparent  facts. 
The  author,  fortified  w'ith  specially  selected  data,  endeavors  by 
fallacious  argument  to  prove  that  his  "theory"  is  a  "condition," 
predicating  his  conclusions  principally  on  a  comparison   of   dis- 
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charge  observations  measured  at  the  CarroUton,  La.,  station, 
propped  lip  by  some  alleged  but  unproven  facts,  and  some  admitted 
facts  so  unimportant  in  effect  as  not  to  possess  appreciable  bearing 
on  the  subject.  And,  having  satisfied  himself  and  ostensibly  his 
readers,  that  dire  calamity  threatens  the  Mississippi  River  Valley 
in  the  near  future,  he  exhorts  us  to  employ  our  best  endeavors  to 
discover  some  avenue  which  promises  relief  in  a  measurable  degree, 
describing  a  general  plan  by  which  he  believes  adequate  relief  may 
be  secured. 

As  the  writer  cannot  admit  that  a  calamity  threatens,  he  will 
not  indulge  in  a  discussion  of  relief  measures,  but  will  confine  his 
attention  to  a  disproval  of  the  conclusions  reached  by  the  author. 

It  may  not  be  out  of  place,  at  this  time,  to  remark  that  the  ques- 
tion of  utilizing  the  sediment  carried  by  the  waters  of  the  Mis- 
sissippi River  for  the  upbuilding  of  the  lowlands  in  the  alluvial 
valley  is  one  which  is  not  altogether  without  merit,  but  the  writer 
feels  that  it  is  a  matter  which  time  and  circumstance  will  develop. 
The  cost  of  the  work  incident  to  such  an  accomplishment  would 
at  this  time  so  far  exceed  the  value  of  the  lands  reclaimed  as  un- 
doubtedly to  render  the  project  impracticable.  The  population  of 
Holland  averages  401  persons  to  the  square  mile,  and  such  density 
of  population  enhances  the  value  of  land  to  a  degree  which  justifies 
the  large  amount  of  money  invested  in  dikes,  extensive  drainage 
canals  and  gigantic  pumping  stations  to  reclaim  the  land  and  pro- 
tect it  against  inundation. 

In  Louisiana,  the  fifteen  riparian  parishes  in  the  alluvial  valley, 
the  parish  of  Orleans  included,  average  71  persons  to  the  square 
mile.  In  some  of  the  parishes  containing  the  largest  areas  of  very 
low  lands,  the  population  per  square  mile  is  as  small  as  7  to  19 
persons.  Considering  the  present  small  value  of  lowlands  in  the 
alluvial  belt,  and  the  large  tracts  of  cheap  land  available  there  for 
cultivation,  it  may  be  readily  appreciated  that  our  country  has  not 
yet  reached  a  stage  in  its  existence  at  which  the  expenditure  of 
large  sums  of  money  is  justified  in  reclaiming  low,  ill-drained  lands. 
When  such  time  arrives,  some  method,  perhaps  along  the  lines  sug- 
gested by  the  author,  will  be  employed  to  render  lowlands  available 
for  agricultural  pursuits. 

From  the  writer's  knowledge  of  how  discharge  measurements 
are  conducted,  gained  from  personal  observation,  he  is  confident 
that  not  even  approximate  reliance  can  be  placed  on  the  results 
obtained.  Discharge  measurements  should  be  disregarded  for  pur- 
poses other  than  general  approximations.  They  should  never  be 
employed  to  govern  conclusions  based  on  differences  shown  by  a 
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comparison  of  results  obtained  at  different  periods  for  the  same 
station  or  close  analogy  of  results  obtained  at  dift'erent  stations. 
There  are  so  many  opportunities  for  accidental  error  which  cannot 
be  easily  detected,  that  error  of  result  is  likely  to  ransa:e  as  high  as 
25  per  cent.  This  opinion  is  shared  by  many  of  the  officers  of  the 
United  States  Engineer  Corps,  under  whose  direction  discharges  of 
the  Mississippi  River  are  measured,  as  the  writer  knows  from  their 
personal  expressions  to  him. 

To  illustrate  the  unreliability  of  the  discharge  records  quoted 
by  the  author,  and  incidentally  for  the  information  of  those  mem- 
bers of  the  Society  who  may  not  be  familiar  with  the  detail  work 
embraced  in  measuring  those  discharges,  the  high-water  depths  of 
the  river  being  as  great  as  180  feet,  the  following  description  of  the 
crude  method  commonly  employed  in  the  past  is  furnished-: 

Depths  of  water  were  measured  with  a  cotton  rope  line 
weighted  with  a  7  to  20-pound  weight  of  lead,  depending  on  depth 
of  water  and  velocity  of  current;  velocities  were  measured  with  a 
Price  self-registering  current  meter.  In  the  early  days,  before  a 
current  meter  was  invented,  velocities  were  determined  by  means  of 
surface  floats  floating  over  a  fixed  base  line.  Both  the  soundings 
and  velocities  were  measured  from  a  steam  launch  of  small  size, 
which  could  be  rapidly  maneuvered. 

Tne  point  at  which  the  discharge  is  measured  is  usually  desig- 
nated as  a  "discharge  station."  At  the  station,  a  cross-section  of 
the  river  is  established  on  a  line  projected  as  nearly  as  practicable 
at  right  angles  to  the  general  axis  of  the  current.  The  contour  of 
the  submerged  portion  of  the  cross-section  is  developed  by  a  num- 
ber of  soundings  taken  from  a  steam  launch  moving  backward  and 
forward  across  the  river  a  number  of  times.  Sub-stations  on  the 
cross-section  are  then  established  at  points  marking  the  angles  in 
the  wetted  perimeter.  To  minimize  error,  in  the  instance  of  long 
planes  in  the  wetted  perimeter,  the  sub-stations  are  established  not 
further  apart  than  200  feet. 

The  depth  of  the  river  and  the  velocity  are  measured  at  each 
sub-station.  The  depths  and  mean  velocity  at  adjacent  sub-stations 
are  averaged,  and  then  multiplied  by  the  distance  between  the  sub- 
stations, thus  determining  the  discharge,  for  any  desired  unit  of 
time,  for  that  particular  division  of  the  cross-section ;  the  several 
sub-divisions  are  afterward  summed  up,  and  the  total  discharge 
for  the  station  thus  determined. 

On  the  line  of  cross-section,  on  both  banks  of  the  river,  there 
are  placed,  several  hundred  feet  apart,  two  prominent  targets,  fur- 
nishing a  range  to  guide  the  boat  in  taking  position  on  the  cross- 
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section.  Sub-targets  are  located  along  the  bank  of  the  river  on 
the  upper  side  of  the  discharge  station,  two  of  which  form  a  range, 
and  so  placed,  as  to  position,  that  a  projected  line  through  them 
intersects  the  cross-section  line  at  a  sub-station.  The  targets,  of 
course,  are  marked  differently,  so  as  to  be  readily  distinguished  by 
the  observer  on  the  boat. 

The  boat  is  moved  to  a  point  slightly  above  the  sub-station  to 
be  measured ;  and,  when  it  starts  floating  with  the  current,  the  lead 
is  heaved  and  the  boat  either  worked  ahead  or  backed,  as  may  be 
necessary  to  keep  the  lead  line  in  vertical  position  and  alongside  of 
the  boat.  As  it  is  difficult,  after  the  lead  has  once  touched  the 
bottom,  to  maintain  it  plumb  for  any  length  of  time  because  of  deep 
vi^ater  and  strong  current,  it  is  important  that  it  shall  be  cast  just 
far  enough  above  the  line  of  cross-section  to  assure  its  reaching 
plumb  just  as  the  sub-station  is  reached. 

It  will  be  observed  that  there  are  two  rather  difficult  points 
involved  in  determining  correct  depths.  To  begin  with,  the  boat 
must  be  skillfully  handled,  and  great  care  must  be  taken  that  it 
crosses  the  sub-station  at  its  proper  location,  which  circumstance 
can  be  determined  only  by  the  boatman  through  the  intersection  of 
the  sub-range  line  and  the  main  cross-section  line.  This  is  not  easy 
to  accomplish  when  it  is  remembered  how  easily  a  small  light  craft 
may  be  influenced  by  wind  and  current.  The  boatman  must  also 
take  into  account  the  depth  of  water  and  the  velocity,  to  guide  him 
in  determining  just  how  far  above  the  station  to  go,  and  what  posi- 
tion to  take  with  respect  thereto,  to  get  his  boat  in  shape  for  casting 
the  lead,  in  order  that  the  boat  may  cross  the  sub-station  just  about 
the  time  the  lead  line  becomes  plumb. 

Each  day,  before  sounding  is  commenced,  the  lead  line  is 
soaked  for  half  an  hour  or  so  in  water,  then  taken  out,  stretched  and 
verified.  It  is  always  long  or  short,  and  the  difference  must  be 
determined  for  different  depths  and  applied  as  a  correction  to  the 
depths  measured. 

On  many  occasions  the  writer  has  personally  directed  sound- 
ings of  the  Mississippi  River,  and  on  some  occasions  has  himself 
handled  the  lead  line.  From  his  observations  and  personal  experi- 
ence he  is  certain  that  in  depths  ranging  from  lOO  to  i6o  feet  of 
water,  flowing  at  a  velocity  of  from  5  to  7  feet  per  second,  it  is 
impossible  to  secure  a  plumb  lead  line.  There  is  always  a  con- 
siderable amount  of  swag  throughout  the  center  of  the  line ;  just 
how  much  cannot  be  determined,  but  certainly  of  sufficient  amount 
to  affect  the  correctness  of  the  sounding. 
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Before  commencing  a  series  of  discharge  observations,  the  cur- 
rent meter  is  rated.  This  is  accomphshed  in  slack  water  by  drag- 
ging the  meter  with  a  boat  a  number  of  times  over  a  fixed  base. 
The  mean  of  a  number  of  observations  is  taken  as  the  fixed  relation 
between  a  revolution  of  the  meter  wheel  and  a  lineal  foot.  As  it 
would  be  impossible,  with  the  use  of  one  boat  and  one  meter  during 
the  day  (the  time  in  which  a  discharge  must  be  measured)  to 
measure  the  velocity  at  a  number  of  depths  on  each  sub-station, 
which  should  properly  be  done  in  order  to  secure  close  results,  the 
inventor,  Mr.  W.  G.  Price,  then  United  States  assistant  engineer, 
personally  directing  the  discharge  observations  at  the  Carrollton 
station,  after  much  study  and  innumerable  observations,  fixed,  for 
depths  of  less  than  20  feet,  0.4  of  the  depth  below  the  surface  as  a 
point  at  which  the  mean  velocity  occurs,  and,  for  depths  in  excess  of 
20  feet,  0.6  of  the  depth  below  the  surface  as  the  point  at  which 
the  mean  velocity  occurs. 

To  one  having  knowledge  of  the  Mississippi  River,  who  will 
pause  to  consider  the  general  turbulence  of  the  flow  of  its  waters, 
the  number  of  cross-currents,  boils,  eddies,  etc.,  it  does  not  seem 
reasonable  that  the  mean  velocity  should  really  occur  at  the  depths 
above  described.  In  the  opinion  of  the  writer,  this  arbitrary  use  of 
a  fixed  percentage  of  depth,  without  allowance  for  local  conditions, 
at  which  to  measure  mean  velocities,  contains  considerable  element 
of  error. 

In  measuring  a  discharge,  the  first  thing  done,  after  checking 
the  lead  line,  is  to  make  one  sounding  at  each  of  the  sub-stations. 
If  the  sounding  corresponds  closely  with  the  depth  found  on  the 
preceding  day,  the  boat  passes  on  to  the  next  sub-station;  but  if  any 
considerable  difference  be  found,  a  number  of  additional  casts  of  the 
lead  line  are  made,  in  order  to  verify  the  sounding  and  make  cer- 
tain that  some  change  of  depth  has  taken  place  since  the  preceding 
day. 

The  writer  is  informed  by  assistant  engineers,  who  have  meas- 
ured discharges  at  the  Carrollton  station,  that  dififerences  as  high  as 
4  feet  have  been  noted  from  day  to  day  at  a  sub-station.  Since 
depths  are  measured  at  the  sub-stations  only,  no  determination  is 
made  of  changes,  if  any,  between  sub-stations.  It  will  be  observed 
that  in  this  respect  there  is  opportunity  for  considerable  error  in  the 
area  of  that  sub-division  of  the  cross-section. 

When  the  depths  throughout  the  discharge  section  have  been 
determined,  the  boat  takes  position  in  turn  at  each  sub-station. 
The  machinery  is  worked  ahead,  just  sufficiently  strong  to  over- 
come the  current  and  maintain  the  boat  in  a  fixed  position  ;  the 
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meter  is  then  lowered  to  proper  depth,  and  usually  is* operated  for 
three  minutes.  The  total  number  of  revolutions  is  registered  on  a 
gage  on  the  deck  of  the  boat,  the  observer  closely  watching  the  gage 
to  see  that  the  meter  is  running  evenly.  By  reducing  the  total 
number  of  revolutions  to  the  equivalent  per  second  and  applying 
the  meter  rating,  the  velocity  of  that  sub-station  is  determined. 
The  opportunities  for  accidental  error  in  this  part  of  the  work  of 
measuring  the  discharge  are  not  small.  The  observer  must  trust 
to  his  boatman  to  keep  the  boat  steady  and  in  proper  position,  and, 
as  has  been  stated,  it  is  doubtful  that  the  depth  used  is  the  point  at 
which  the  mean  velocity  really  occurs.  Further,  the  meter  is  rated 
but  once  during  a  season ;  its  mechanism  is  delicate,  and  likely,  at 
any  time,  to  become  deranged,  affecting  all  reductions  based  upon 
the  original  rating.  It  must  also  be  stated  that  the  position  of  sub- 
stations is  not  altered  from  time  to  time  to  meet  occurring  changes 
in  the  bottom  of  the  river. 

It  would  seem  almost  certain  that,  with  such  great  opportuni- 
ties for  error,  considerable  error  does  occur.  The  writer  is  aware 
that  in  the  past  some  of  the  observers  have  been  almost  criminally 
careless  in  the  performance  of  their  duties.  He  know^s  of  one 
observer,  wdiose  work  forms  part  of  the  records  of  the  Alississippi 
River  Commission,  who,  through  an  entire  series  of  discharge 
measurements  never  had  a  lead  line  cast  after  the  contour  of  the 
cross-section  was  first  developed ;  he  contented  himself  with  merely 
applying  the  change  of  gage  height  to  the  original  depths.  A  can- 
vass of  the  records  and  the  inconsistencies  found,  alone  proved  that 
the  discharge  measurements  are  not  reliable  within  close  limits. 

In  1880,  June  12  and  June  16,  Carrollton  gage  registered  7.6 
feet;  in  the  former  instance  the  discharge  was  581,000  cubic  feet 
per  second,  whereas  it  was  only  553,000  cubic  feet  per  second  in 
the  latter  instance. 

Again  in  1851,  July  2  and  July  19,  Carrollton  gage  registered 
12.2  feet ;  in  the  former  instance  the  discharge  was  805,000  cubic 
feet  per  second,  whereas  it  was  856,000  cubic  feet  per  second  in 
the  latter  instance. 

Again  in  1883,  April  28  and  May  i,  Carrollton  gage  registered 
14.2  feet ;  in  the  former  instance  the  discharge  was  972,000  cubic 
feet  per  second,  whereas  it  was  only  941,000  cubic  feet  per  second 
in  the  latter  instance. 

Again  in  1890,  March  6  and  7,  Carrollton  gage  registered  15.2 
feet;  in  the  former  instance  the  discharge  was  1,175,000  cubic  feet 
per  second,  whereas  it  was  only  1,128,000  cubic  feet  per  second  in 
the  latter  instance. 
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The  difference  in  the  discharges  for  the  same  gage  reading 
may  be  due  to  error  of  measurement  or  they  may  be  due  to  natural 
changes  in  the  cross-sectional  area  caused  by  a  rising  or  a  falhng 
river.  It  does  not  matter  to  which  cause  the  difference  is  cliarge- 
able,  the  fact  remains  that  a  discharge  determined  at  a  gage  read- 
ing on  a  particular  day  cannot  be  relied  upon  as  being  the  same  for 
a  similar  gage  reading  at  some  distant  date,  a  fluctuation  of  gage 
height  having  occurred  in  the  interim. 

It  will  be  noted  that  the  author  of  the  paper  under  discussion 
rests  his  case  almost  entirely  on  conclusions  reached  through  a 
comparison  of  discharge  measurements.  The  writer  believes  that 
in  doing  so  he  has  committed  a  grave  error,  because  not  only  are  the 
records  in  that  respect  faulty,  but  if  they  were  absolutely  correct 
his  case  would  still  remain  unproven,  since  a  change  in  the  carrying 
capacity  of  the  river  cannot  be  established  by  observations  taken  at 
one  point  only.  The  discharge  is  controlled  not  by  the  gage  height 
only,  but  also  by  the  slope  existing  at  the  time  and  place  of  measure- 
ment. 

It  is  a  law  of  hydraulics  that,  if,  during  a  given  period  and 
over  a  given  length  of  river,  there  has  been  no  net  loss  of  cross- 
section,  and  if  the  elevation  of  water  at  the  upper  end  should  be 
increased  while  at  the  lower  end  it  remains  constant,  there  will 
follow  increased  slope,  producing  increased  velocity,  and  conse- 
quently increased  discharge. 

The  writer,  therefore,  believes  that  the  author,  in  seekmg  to 
determine  whether  less  discharge  occurs  at  the  same  or  greater 
gage  heights,  should  have  altogether  disregarded  a  comparison  of 
discharges  measured  at  one  point  only,  and  should  have  given  his 
attention  to  a  determination  of  the  changes  that  have  taken  place 
in  the  carrying  capacity  of  the  river. 

One  of  the  peculiarities  of  the  Mississippi  River  is  the  rapidity 
with  which  the  area  of  a  given  cross-section  will  vary  under  the 
influence  of  changes  in  the  axis  and  velocity  of  the  current  caused 
by  a  rise  or  fall  in  the  river  and  a  variation  in  the  amount  of  sedi- 
ment it  is  carrying.  The  records  abound  with  corroboration  of 
that  statement. 

On  a  given  cross-section  the  bottom  will,  to-day,  scour  in  places 
and  shoal  in  others.  Within  the  short  interval  of  a  few  days  that 
result  will  be  found  to  have  been  reversed,  the  abrasions  having 
disappeared  and  accretions  beyond  the  original  elevation  having 
occurred,  and  z-ice  versa.  At  times  a  net  increase  and  at  other 
times  a  net  decrease  of  cross-sectional  area  will  be  noted. 
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An  increase  or  decrease  of  cross-sectional  area  at  one  point 
may  be  compensated  by  a  corresponding  cbange  in  the  cross-sec- 
tional area  at  a  point  a  short  distance  below. 

It  may  also  occur  that  there  will  be  either  a  net  increase  or  a 
net  decrease  of  cross-sectional  area  throughout  a  short  length  of 
river,  so  that,  to  determine  what  change  in  the  carrying  capacity  of 
the  river,  if  any.  has  taken  place,  a  long  length  of  river  must  be 
considered,  and  its  experiences  gathered  at  about  the  same  gage 
heights  noted,  to  eliminate  local  vagaries;  in  such  an  instance  the 
net  result  may  be  accepted  as  conclusive  evidence  whether  or  not 
the  carrying  capacity  of  the  river  has  remained  the  same,  or  whether 
it  has  increased  or  decreased. 

The  author  of  the  paper  under  discussion  alleges  that  the  car- 
rying capacity  of  the  river  is  steadily  decreasing,  which,  in  his 
opinion,  forces  any  given  volume  of  water  to  attain  a  higher  eleva- 
tion in  passing  a  given  point.  A  similar  allegation  has  many  times 
been  made  by  many  persons. 

The  Mississippi  River  Commission,  in  search  of  light  and 
truth  on  the  subject,  and  for  its  information  and  guidance,  had  an 
investigation  made  by  its  principal  assistant  engineer,  Mr.  J.  A. 
Ockerson,  of  the  202.7  miles  of  river  extending  from  Riverton  to 
Vicksburg.  Within  that  distance  554  cross-sections,  which  were 
measured  during  low  water  in  1881-1882,  were  measured  during 
low  water  in  1894  for  purposes  of  comparison.  Mr.  Ockerson's 
report,  entitled  "Comparisons  of  Cross-section  Elements  of  the 
Mississippi  River,"  was  published  by  the  Mississippi  River  Com- 
mission, from  whom  a  copy  ma}-  be  obtained,  and  members  will 
find  it  very  interesting.  Referring  therein  to  his  investigation, 
Mr.  Ockerson  says : 

"In  order  to  separate  the  results  for  pools  and  crossings,  the 
river  has  been  divided  into  a  series  of  sections  in  such  a  way  that 
the  results  for  the  pool  sections  and  bar  sections  have  been  summed 
separately.  This  is  done  to  detect,  if  possible,  any  difference  in 
movement  of  bed  under  the  two  conditions  of  pool  and  bar." 

After  a  most  careful  analysis  and  review  of  the  subject  in  a 
report  covering  twenty-nine  pages  of  closely  printed  matter,  Mr. 
Ockerson  expresses  the  following  conclusions : 

1.  The  channel  capacity  in  1894  was  greater  than  in  1881-1882, 
due  to  changes  above  the  low- water  line. 

2.  The  crests  of  the  shoal  bars  in  1894  were,  on  the  whole, 
lower  than  in  1881-1882.  This  refers  to  the  actual  elevation  of  the 
bottom  and  not  to  the  top  of  water  on  the  bars. 
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3.  The  inaximuni  depth  of  pools  was  generally  less  in  1894 
than  in  188 1- 1882. 

4.  The  thalweg;'  depths  were,  on  the  whole,  less  in  1894  than 
in  1881-1882.  That  is,  a  little  more  than  one-half  of  the  length  of 
the  river  under  ccmsideration,  and  also  the  average  of  the  sections, 
shows  an  elevation  of  the  thalweg  or  raising  of  the  bottom.  A 
large  percentage  of  this  raising  occurs  in  the  pools. 

5.  The  high- water  bars  lying  between  the  medium  and  bank- 
full  stages  have  been  cut  down  an  average  of  something  over  one 
foot. 

6.  The  general  tendency  seems  to  be  toward  a  channel  more 
uniform  in  depth  and  of  greater  capacity. 

The  author  of  the  paper  under  discussion  charges  diminution 
in  the  carrying  capacity  of  the  river  to  the  three  following  principal 
causes: 

1.  Construction  of  levees  on  lines  not  calculated  to  maintain  a 
constant  cross-section  of  that  part  of  the  river  above  the  natural 
bank. 

2.  Moving  back  of  levees  around  caving  bends,  thereby  mate- 
rially increasing  the  distance  to  ocean  level. 

3.  Diminution  of  channel  by  accretions  on  the  sides  and  bottom 
of  the  river  on  the  apex  side  of  bends  without  corresponding 
abrasion  on  the  opposite  side. 

Referring  to  reasons  i  and  2,  it  may  be  stated  that,  by  actual 
measurement  at  the  office  of  the  United  States  engineers  in  this  city, 
from  Baton  Rouge  to  Carrollton,  the  average  distance  the  levee  line 
is  removed  from  the  natural  bank  on  the  west  side  of  the  river  is 
358.68  feet  and  340.26  feet  on  the  east  side,  making  an  aggregate 
of  698.94  feet  of  batture,  or  foreshore,  between  the  natural  bank  and 
the  levee  line. 

It  is  a  well-known  fact  that  the  flow  of  the  river  over  the  bat- 
tures  or  foreshores  is  largely  obstructed  by  eddies,  spur  levees, 
vegetation,  and  other  obstacles.  If,  however,  we  apply,  to  this 
width  of  say  700  feet,  an  extreme  depth  of  5  feet  and  an  extreme 
velocity  of  4  feet  per  second,  we  shall  have  the  small  amount  of 
14,000  cubic  feet  of  water  flowing  above  and  beyond  the  natural 
banks.  The  amount  is  an  inconsiderable  part  of  a  discharge  so 
large  as  a  million  or  more  cubic  feet  per  second.  In  fact,  the  flow 
over  the  battures  is  rarely  measured  and  included  in  the  discharge 
recorded  for  a  station. 

It  will  scarcely  be  denied  that,  in  the  three  respects  cited  by  the 
author  of  the  paper  before  us,  the  length  of  river,  from  Riverton  to 
Vicksburg,  possesses  more  favorable  elements  for  proving  the  cor- 
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rectness  of  the  author's  arguments  than  does  the  river  from  Baton 
Rouge  to  Carrollton,  a  length  of  125  miles,  which  is  as  great  a 
length  above  Carrollton  as  can  be  reasonably  counted  on  as  exert- 
ing an  influence  on  the  gage  at  that  place. 

Between  Riverton  and  Vicksburg  the  river  is  made  up  of  a 
succession  of  deep  bends,  with  little  or  no  length  of  straight  river 
between  the  bends ;  the  levees  are  anywhere  from  a  few  hundred 
feet  to  five  miles  or  more  from  the  natural  bank,  since,  when  rebuilt 
to  meet  the  demands  made  by  destructive  caving  banks,  they  are 
retired  to  a  distant  location.  That  length  of  the  river  is  very 
variable.  The  bars  build  up  rapidly,  and  middle  ground  bars  form, 
splitting  the  channel  and  tending  to  obstruct  the  flow  of  the  river. 

On  the  other  hand,  the  river  between  Carrollton  and  Baton 
Rouge  is  fairly  straight ;  there  are  but  few  sharp  bends  and  many 
long  lengths  of  straight  river.  The  levees  are  quite  uniformly 
removed  from  the  natural  bank,  there  being  but  one  point,  Bonnet 
Carre,  at  which  local  conditions  force  an  unusual  retirement  for  a 
length  of  about  a  mile,  and  the  retirement  there  does  not  exceed 
2600  feet.  Levees  which  must  be  retired  because  of  caving  banks 
are  rebuilt  on  locations  but  a  few  hundred  feet  distant.  The  length 
of  the  river  is  almost  constant.  The  bars  do  not  build  up  rapidly, 
and  serious  middle  ground  bars  obstructing  the  flow  of  the  river 
are  rare  and  never  extensive.  If,  in  a  length  of  river  where  all 
things  combine  to  favor  the  author's  theory,  that  theory  fails,  does 
it  not  stand  to  reason  that  it  must  fail  when  the  circumstances  are 
less  favorable  ? 

The  writer  at  least  believes  so,  and  he  is  further  convinced  of 
the  soundness  of  his  opinion,  that  the  carrying  capacity  of  that  part 
of  the  river  which  might  exert  an  influence  on  the  Carrollton  gage 
has  not  diminished,  by  a  consideration  of  the  conclusions  reached, 
after  careful  investigation  and  analysis,  by  Major  Geo.  McC.  Derby, 
Corps  of  Engineers  United  States  Army,  in  charge  of  the  work  of 
improving  the  Mississippi  River. 

1  he  writer  had  the  pleasure  of  assisting  in  that  investigation, 
which  eventuated  in  a  report  dated  March  16,  1900,  addressed  to 
the  Mississippi  River  Commission,  from  which  the  following 
excerpts  are  taken : 

"In  general  it  may  be  said  that  any  study  of  the  relations  of 
gage  heights,  while  exceedingly  interesting,  is  apt  to  be  on  the 
whole  rather  unsatisfactory ;  the  number  of  variables  in  the  problem 
is  so  very  great  that  the  mind  is  baffled  in  its  efforts  to  keep  track 
of  them,  and  at  the  end  remains  unsatisfied  as  to  the  soundness  of 
the  conclusions  reached.  It  fortunately  so  happens,  however,  that 
there  is  one  long  stretch  of  the  Mississippi  River,  where,  through 
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natural  causes  man\-  of  the  variables  of  this  perplexing  problem 
have  been  eliminated  ;  this  tempting  field  for  investigation  is  of 
course  the  stretch  of  200  miles  l}ing  between  the  mouth  of  Red 
River  and  New  Orleans.  At  the  next  gage  below  Xew  Orleans 
the  Hood  heights  are  so  low  and  the  mouth  of  the  river  is  so  near, 
that  the  tides  of  the  Gulf,  small  as  they  are,  are  sufficient  to  intro- 
duce perplexing  complications ;  while  above  Red  River,  outlets  and 
tributaries  combine  with  all  the  other  uncertainties  to  make  the 
problem  as  difficult  as  it  well  can  be.  Between  Red  River  and  New 
Orleans  there  are  practically  no  tributaries,  and  but  one  small  out- 
let ;  the  length  ot  the  river  is  al)out  constant ;  the  levee  system 
is  less  variable  than  elsewhere ;  and  the  efifect  of  the  tide  at  the  Car- 
rollton  gage  is  so  slight  that  the  height  of  the  river  may  be  assumed 
to  be  controlled  entirely  by  the  stream  of  water  coming  from  above, 
unaffected  by  variations  of  level  having  their  origin  below. 

"During  the  flood  of  1897,  which  broke  the  high-water  record 
at  every  gage  in  the  Fourth  District,  I  was  a  good  deal  surprised 
and  impressed  by  the  fact  that  the  first  gage  to  exceed  its  previous 
record  was  the  lowest  one, — namely,  the  gage  at  Fort  Jackson,  the 
next  was  the  Carrollton  gage,  and  so  on  up  the  river  to  Red  River 
Landing,  where  the  gage  did  not  exceed  its  previous  record  until 
sixteen  days  after  the  Carrollton  gage  had  done  so. 

"What  was  scarcely  less  surprising  w^as  the  fact  that  when  the 
Carrollton  gage  reached  its  former  maximum  (17.45)  the  gage  at 
Red  River  Landing  still  lacked  1.6  feet  of  the  height  which  in  1893 
had  produced  that  maximum. 

"Both  of  these  remarkable  facts  point  ai  first  sight  to  the  much- 
looked-for  raising  of  the  bed  of  the  lower  river,  with  the  consequent 
increase  of  flood  height,  which  so  many  have  claimed  to  be  the 
ultimate  elTect  of  levee  building. 

"Before  attempting  to  seek  the  cause  of  these  phenomena  it 
will  be  well  to  ascertain  first  whether  they  represent  merely  curious 
anomalies  peculiar  to  the  flood  of  1897,  or  whether  they  indicate 
any  well-established  tendency  to  a  change  in  the  regimen  of  the 
river." 

Tables  are  submitted  showing  the  ratio  between  the  Red  River 
Landing  and  Carrollton  gages  for  all  the  flood  waves  that  passed 
the  former  place  at  stages  of  about  45.2,  43.6  and  39.3  respectively. 

Continuing,  Major  Derby  says : 

"More  evidence  to  the  same  eft'ect  could  be  adduced,  but  the 
above  seems  to  be  sufficient  to  establish  clearly  the  proposition  that 
the  striking  feature  of  the  flood  of  1897  under  discussion,  was  not 
something  abnormal,  but  that,  on  the  contrary,  such  a  change  in 
the  regimen  of  the  river  has  actually  taken  place  that  we  must  now 
expect  that  any  flood  wave  passing  Red  River  Landing  at  a  high 
stage  will  cause  a  flood  wave  at  Carrollton  a  foot  or  more  higher 
than  a  flood  of  the  same  height  at  Red  River  Landing  would  have 
caused  fifteen  or  twenty  years  ago. 

"Xow,  if  this  is  actually  a  fact,  it  must  be  due  to  one  or  more 
of  the  three  following  causes  : 
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"i.  A  raising  of  the  bed  of  the  river  below  CarroUton,  causing 
a  decrease  in  the  carrying  capacity  of  that  portion  of  the  river. 

"2.  The  effect  of  crevasses  and  their  closure. 

"3.  An  increase  of  the  carrying  capacity  of  the  river  between 
CarroUton  and  Red  River  Landing. 

"I  will  consider  each  of  these  possible  causes  in  turn. 

"i.  Has  the  bed  of  the  river  risen? 

''If  the  apparent  increase  in  the  flood  height  at  CarroUton  is 
due  to  the  filling  up  of  the  bed  of  the  river  below,  it  is  manifest  that 
such  an  effect  would  be  proportionately  more  noticeable  in  the  case 
of  a  low  flood  wave  than  it  would  be  in  great  floods. 

"I  accordingly  submit  tables  showing  the  gage  readings  for 
many  small  flood  waves  which  passed  both  gages  well  within  the 
banks  of  the  river,  a  type  of  waves  which  usually  receives  but  little 
attention,  but  which  is  in  some  respect  more  instructive  than  the 
greater  waves. 

"An  examination  of  these  tables  not  only  shows  that  the 
apparent  increase  of  flood  height  at  CarroUton  is  not  more  notice- 
able at  low  stages  than  at  high  ones,  but  it  reveals,  on  the  contrary, 
no  trace  whatever  of  any  such  apparent  increase. 

'T  conclude  that  whatever  else  the  apparent  increase  of  flood 
height  at  high  stages  may  be  due  to,  it  is  certainly  not  caused  by  a 
rise  of  the  bed  of  the  river  below  CarroUton." 

Major  Derby  also  shows  that  the  results  observed  are  not  due 
to  crevasses,  and,  continuing,  says : 

"If  we  are  right  in  the  conclusion  that  the  apparent  increase  in 
the  relative  height  of  the  CarroUton  gage  is  not  due  to  the  filling  up 
of  the  bed  of  the  river  below,  nor  to  the  effects  of  crevasses  above  or 
below,  there  must  have  been  an  increase  in  the  carrying  capacity  of 
the  river  above  CarroUton,  the  following  tables,  with  the  others 
already  given,  show  that  this  increase  in  carrying  capacity  must 
have  taken  place  at  such  a  height  in  the  bed  of  the  river  as  to  mani- 
fest itself  only  at  stages  above  27.0  on  the  Red  River  Landing  gage 
(highest  gage  record  50.2). 

"In  the  annual  report  of  the  Mississippi  River  Commission  for 
1899  the  surveys  made  between  Red  River  Landing  and  Donald- 
sonville  are  discussed  with  results  which  are  corroborative  of  the 
above  discussion  of  the  gage  readings,  the  conclusion  having  been 
reached  that  the  comparison  of  the  results  of  all  the  surveys  seems 
to  show  conclusively  that  there  had  t^een  a  general  tendency  to  the 
permanent  enlargement  of  the  stream  above  the  lozv  zvater  line,  and 
the  capacity  of  the  river  to  discharge  its  flood  waters  has  been  more 
than  maintained. 

"The  practical  effect  of  this  increase  of  the  carrying  capacity 
of  the  river  between  CarroUton  and  Red  River  Landing  is  to 
diminish  the  high-water  slope,  so  that  a  flood  wave  producing  a 
given  height  at  the  CarroUton  gage  would  pass  Red  River  Land- 
ing to-day  at  a  level  several  feet  lower  than  would  have  been  the 
case  fifteen  or  twenty  years  ago.  In  other  words,  since  the 
crevasses  have  been  closed  and  the  levee  line  maintained  with  few 
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or  no  breaks,  there  has  been  a  notable  decrease  of  flood  heip^ht  at 
Red  River  Landing,  amounting  apparently  to  3  feet  or  more." 

Observe  that  Major  Derby  conclusively  demonstrates  that  the 
carrying  capacity  of  the  river  has  decreased  neither  above  nor  below 
Carrollton ;  that,  on  the  contrary,  there  has  been  a  well-defined 
tendency  toward  enlargement. 

The  writer  had  plattings  made  of  the  only  five  cross-sections 
of  the  river,  at  the  Carrollton  discharge  station  for  which  reliable 
records  are  accessible,  and  the  areas  below  the  zero  of  the  gage 
computed,  with  the  following  result: 


Year. 

Gage  height. 

Area  below 

■  zero  of  gage. 

1883 

154 

137.178! 

square  feet. 

1891 

14.8 

144- 153 

" 

1893 

17.2 

151. 881 

"         " 

1895 

2.0 

143-750 

" 

1896 

6.1 

143-785 

" 

This  table  certainly  shows  no  evidence  of  a  progressive  de- 
crease in  the  cross-sectional  area,  but  rather  the  reverse,  as  we  have, 
in  1895  and  1896,  at  a  low  stage,  a  greater  area  than  we  had  in  1883 
at  a  high  stage.  But,  as  has  been  stated  earlier  in  this  paper,  the 
elevation  of  the  bed  of  the  river  at  any  given  cross-section  varies 
from  day  to  day,  as  the  river  rises  or  falls ;  and,  whether  or  not  the 
carrying  capacity  is  increasing  or  decreasing,  can  be  ascertained 
only  by  determining  the  net  change  in  a  long  length  of  river. 

One  of  the  most  remarkable  of  the  statements  in  the  paper 
under  discussion  is  that  the  development  and  improvement  of  the 
watersheds  of  the  Mississippi  River  and  its  tributary  streams  will 
decrease  the  maximum  volume  of  future  floods.  The  writer  has 
always  believed — in  fact,  has  never  before  known  the  proposition 
to  be  challenged — that  the  deforestation  in  the  great  watersheds 
and  the  improved  drainage  of  lands  there,  must  necessarily  cause 
retention  of  less  of  the  rainfall  by  the  soil,  but  will  affect  its  more 
rapid  delivery  to  the  main  drainage  arteries,  resulting  in  not  only 
greater  volume  in  the  Mississippi,  but  temporary  increased  height, 
because  of  the  rapid  assemblage  of  waters  in  that  stream. 

The  author  of  the  paper  under  discussion  finds  great  comfort 
for  himself,  and  support  for  his  theory  that  the  levees  must  be  raised 
not  less  than  10  feet  higher  than  at  present  by  the  year  1950  in  what 
he  designates  as  the  bold  assertion  of  ]\Ir.  Chas.  Ellet,  made  in  185 1, 
to  the  efifect  that  the  levees  would  have  to  be  raised  2  feet  higher 
than  they  then  were  to  restrain  successfully  such  a  flood  as  occurred 
in  that  year.  There  is  no  evidence  to  show  that  Mr.  Ellet  reached 
that  conclusion  through  the  reasons  assigned  by  the  author.     It  is 
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more  likely  that  he  had  a  more  intimate  knowledge  of  the  Alis- 
sissippi  River  than  did  his  associates,  and  that  he  was  wise  enough 
to  realize  that  2  feet  additional  height  of  levees  was  a  fair  estimate 
of  the  requirements  to  retain  between  the  levees  such  a  flood  as  that 
of  185 1  and  to  care  for  such  volume  of  water  until  such  time  as  the 
energy  of  that  flood,  augmented  by  the  energy  of  others  to  follow, 
would  increase  the  carrying  capacity  of  the  river. 

Had  Ellet  known  that  the  immense  low-lying  basins  in  the 
alluvial  belt  would  be  rapidly  leveed  at  some  comparatively  early 
date,  he  would  doubtless  have  expressed  the  opinion  that  the  levees 
would  have  to  be  raised  five  or  more  feet  instead  of  two  to  success- 
fully carry  between  them  to  the  sea  such  floods  as  that  of  185 1. 

The  author  of  the  paper  before  us  says  that  the  Government 
engineers,  in  recommending  the  "all-levee  system,"  did  not  take 
into  consideration  the  serious  effect  of  increasing  the  elevation  of 
floods,  etc.  In  this  he  is  mistaken.  In  1880,  when  the  Mississippi 
River  Commission  first  came  into  existence,  it  was  without  any- 
thing like  complete  and  reliable  data  upon  which  to  base  its  future 
operations,  nor  was  it  equipped  with  funds  for  levee  work.  From 
time  to  tmie,  as  far  as  its  funds  would  permit,  it  joined  the  local 
levee  organizations  in  the  general  work  of  restoring  and  maintain- 
ing the  continuity  of  the  levee  line  to  a  grade  one  foot  higher  than 
the  highest  previously  known  water.  It  was  fully  recognized,  at 
that  time  and  since  then,  as  the  transactions  of  the  commission  will 
show,  that  the  grade  used  was  forced  by  economy.  It  was  deemed 
advisable,  since  the  levee  system  would  be  no  more  efficient  than 
its  weakest  lengths,  to  restore  the  entire  system  to  some  practicable 
grade,  rather  than  to  have  gaps  in  the  line  and  some  lengths  of 
such  comparatively  extraordinary  height  as  not  to  render  maximum 
service  for  years  to  come.  As  soon  as  the  continuity  of  the  levee 
line  was  re-established  and  there  were  funds  with  which  to  improve 
the  existing  system,  the  commission  adopted  a  provisional  grade  as 
the  next  practicable  step  to  which  to  advance  the  height  of  the 
levee  line.  About  that  time  the  extension  of  the  levee  system  along 
the  fronts  of  previously  unleveed  immense  alluvial  basins  was 
tmdertaken,  and  has  since  been  continued.  This  extension  of  the 
levee  system  produced  a  change  of  flood  conditions,  which  made 
it  very  difficult  to  answer  with  precision  the  question  of  a  grade 
•competent  to  care  for  future  floods.  The  problem  would  have  been 
more  easily  solved  if  only  the  retention  of  flood  waters  between  the 
then  existing  levees  had  to  be  dealt  with,  but  the  introduction  of  the 
new  factor,  the  leveeing  of  new  basins,  made  the  problem  more 
perplexing. 
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Future  flood  heights  and  ultimate  levee  grades  were  the  sub- 
ject of  much  discussion  by  the  members  of  the  ^Mississippi  River 
Commission  and  eminent  levee  engineers,  Captain  Townsend,  of 
the  Army  Engineer  Corps,  and  the  late  Major  Wm.  Starling,  of 
Greenville,  Aliss.,  contributing  valuable  papers,  which  will  be  found 
in  the  Transactions  of  the  American  Society  of  Civil  Engineers. 

When  the  levee  line  had  been  nearly  uniformly  raised  to  the 
first  provisional  grade  and  the  system  had  been  considerably  ex- 
tended, the  greatest  flood  of  record,  1897,  occurred.  From  the 
observations  derived  from  that  flood,  a  new  grade  was  adopted, 
which  it  is  confidently  believed  will  meet  all  future  requirements, 
except  probably  a  most  extraordinary  coincidence  of  maximum 
rainfall  in  the  valley  of  the  Mississippi  River  and  its  tributary 
streams. 

The  author  of  the  paper  under  discussion  appears  ignorant  of 
the  facts  just  related,  and  overlooks  the  effect  exerted  on  flood 
heights  in  the  lower  river  by  increased  flood  heights  in  the  upper 
river,  which  were  anticipated  and  produced  by  causes  easily  com- 
prehended. 

One  of  the  good  arguments  advanced  in  support  of  levees 
low^ering  flood  heights  by  increasing  the  carrying  capacity  of  the 
river,  is  contained  in  the  following  paragraph  in  the  paper  under 
discussion : 

"Were  the  Mississippi  River  not  leveed  in  or  no  artificial 
works  constructed  along  its  banks,  it  would,  when  rising  above  its 
normal  banks,  overflow  and  deposit  its  sediment  on  the  adjacent 
banks  and  the  surrounding  country,  and  as  it  gradually  elevated  its 
banks  and  the  surrounding  country,  and  gradually  withheld  the 
waters  from  overflowing,  it  would  scour  a  channel  of  the  desired 
width  and  depth  to  convey  the  volume  to  the  sea  level." 

If  the  river  will  do,  naturally  and  by  slow  degrees,  what  the 
author  says  it  will  do,  why  should  it  not  do  so  just  as  effectively,  yet 
more  rapidly,  with  the  assistance  of  artificially  elevated  banks  ? 

The  wTiter  is  firmly  convinced  that  the  levee  system  is  a  suc- 
cess ;  that  it  is  performing  its  mission  well,  and  will  continue  to  do 
so ;  that  it  will  in  time  prove  the  means  of  increasing  the  carrying 
capacity  of  the  river ;  and,  that  floods  of  a  given  volume  will  pass  to 
sea  level  at  lower  elevation  than  formerly. 

Mr.  Sidney  F.  Lewis. — In  the  study  and  solution  of  the 
problems  of  the  Mississippi  River,  the  engineer  has  to  depend 
more  upon  facts,  and  the  relations  they  bear  to  one  another,, 
than  upon  any  fundamental  principles  to  guide  his  work. 

He  must  analyze  and  classify  all  the  reliable  data  on  the 
subject  in  order  to  obtain  these  relations  of  fact  before  he  can  ven- 
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ture  to  build  a  theory.  W'e  recognize  the  value  of  the  three  prin- 
cipal mechanical  laws  as  applied  in  hydrodynamics,  the  A,  B,  C,  as  it 
were,  of  the  subject,  which  make  up  the  theory  of  flow,  as  ex- 
pressed in  the  formula,  "\^elocity  of  flow  in  a  stream  varies  di- 
rectly as  the  square  root  of  the  product  of  its  hydraulic  radius 
(the  ratio  between  the  sectional  area  of  the  part  of  the  bed  it 
occupies,  and  the  frictional  or  resisting  surfaces  bounding  it, 
known  as  the  wetted  perimeter)  by  its  slope  (the  ratio  between 
its  fall  and  length)""  as  of  prime  importance  to  the  engineer 
who  lays  a  pipe  or  builds  a  conduit,  for  by  this  formula  he  can 
determine  the  form  and  set  the  slope,  and  the  resulting  flow  will 
be  the  one  thing  that  he  wants  to  know;  but  the  flow  in  a 
sedimentary  stream,  like  the  Mississippi  River,  makes  its  own 
form,  and  that  a  very  irregular  one,  and  so  distributes  its  slope 
that  it  may  be  almost  all  concentrated  at  a  certain  point  at  one 
stage,  with  little  or  none  there  at  a  different  stage.  Here  there  is 
not  much  use  in  trying  to  express  the  velocity  by  V  :=  CV^S,  for 
R  and  S  are  more  difficult  to  measure  than  V. 

Those  of  us  who  are  more  familiar  wdth  the  vagaries  of 
this  river,  and  who  are  employed  daily  in  its  observations  and 
operations,  know  that  the  "guess  and  allow,"  the  "average  judg- 
ment" and  the  "personal  equation"  figure  immensely  in  the 
determination  of  C,  the  experimental  coefficient. 

The  author  of  this  paper  by  his  ingenious  methods  of  inter- 
polation and  interpretation  from  his  point  of  view  of  the  relation 
of  certain  gage  readings,  velocity,  slope  and  discharge  observa- 
tions in  some  thirteen  high  water  years,  all  of  which  he  calls 
great  floods,  builds  up  a  theory  and  arrives  at  conclusions,  which, 
to  say  the  least,  are  appalling,  and  well  worthy  of  all  our 
energies  to  thwart  and  prevent.  We  live,  however,  in  that  con- 
solation which  the  author  metes  out  to  us,  when  he  informs 
us  that  this  dire  calamity,  at  a  rate  of  one  foot  increase  of  eleva- 
tion to  the  levees  every  five  years,  will  take  place  in  1950.  The 
writer  would  suggest  to  the  younger  members  of  this  Society, 
who  will  have  passed  the  age  of  three  score  and  ten  allotted  to 
man,  that  when  that  momentous  day  arrives,  they  gather  all  the 
literature  on  the  Mississippi  River,  instruments  and  other 
paraphernalia,  and  go  to  the  then  existing  mountains  on  the 
New  Orleans  front,  and  offer  them  in  sacrifice  to  the  deity  of 
the  "Father  of  Waters,"  and  further  invoke  the  Almighty,  of 
whom  it  is  written  that  He  created  this  universe  in  six  days, 
and  that  after  resting  on  the  seventh,  in  the  contemplation  of 
His  great  work,  He  concluded  that  all  was  well  with  one  excep- 
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tion, — He  had  failed  to  complete  the  Mississippi  River.  To  man, 
made  in  His  own  image,  He  has  relegated  this  task,  and  if  it 
be  beyond  the  brains  and  ability  of  man  to  master  it,  why  let  us 
pray  to  Him  for  a  second  "Appalachian  Revolution,"  so  that 
He  can  correct  His  first  mistake,  and  turn  the  flow  of  this  great 
river  up  stream  toward  the  North  Pole  instead  of  the  Equator, 
for  it  is  the  shortest  distance  by  that  route  to  the  center  of  the 
earth. 

The  writer  is  inclined  to  be  optimistic  in  his  views.  He  be- 
lieves that  the  universe,  being  the  work  of  an  infinitely  perfect 
being,  is  the  best  that  could  be  created;  and  with  regard  to 
levees,  they  were  not  built  out  of  theory,  but  are  an  evolution 
from  a  matter  of  necessity. 

Those  "well-banked  potato  rows"  which  the  author  speaks 
of  in  the  introduction  of  his  paper  as  existing  in  the  Third  Dis- 
trict some  twenty  years  ago,  the  writer,  as  a  boy  forty  years 
ago,  knew  to  be  levees  of  a  fair  size  and  section.  They  were 
first  located  and  built  upon  the  banks  of  a  bend,  known  generally 
as  the  crescent  of  this  city,  and,  from  time  to  time,  as  caving 
developed,  they  were  moved  back  to  circumvallate  the  caves,  and, 
at  every  recession,  owing  to  the  natural  slope  or  lay  of  the  bend, 
their  dimensions  necessarily  had  to  be  increased.  A  few  years 
previous  to  our  great  high  water  of  1897,  a  few  of  the  stretches  of 
levees  in  this  bend  passed  through  an  evolution  of  woodwork 
construction ;  the  requisite  section  of  earth  was  superseded  by 
plank,  posts  and  tie  rods,  and  braced  to  the  stone  gutter  curbs  of 
the  Front  street.  They  were  called  "boxed  levees."  They  were 
the  source  of  a  great  deal  of  worry  and  uneasiness  during  the 
high  w^ater  of  1897,  but  by  a  great  deal  of  work  done  upon  them, 
principally  in  rebracing,  they  withstood  the  pressure  of  that  high 
water. 

To-day,  by  the  author's  advice  and  recommendation,  these 
stretches  of  levee  have  been  removed  riverward  with  increased 
dimensions,  part  of  the  section  of  earthwork  is  built  out  on  a 
prepared  base  of  piles  70  to  80  feet  long,  driven  at  uniform  dis- 
tances apart,  and  abbutting  a  water  tight  sheet  pile  bulkhead 
on  the  front,  with  the  expectation  of  replacing  this  pile  bulk- 
head revetment  later  on,  with  a  river  slope  of  solid  earth,  to  be 
supported  on  a  pile  foundation, — another  stage  of  evolution. 
The  writer  lives  in  hope  that  the  pile  wharf  revetment  protec- 
tion work  to  the  bend  of  the  river  along  the  Third  District  front, 
the  design  and  execution  of  the  author,  will  keep  these  levees 
from  caving  oi¥  into  the  river  in  the  next  decade  or  two. 
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As  to  the  levees  on  the  commercial  front  in  1717,  when  they 
were  first  built  by  De  La  Tour,  they  were  probably  "well-banked 
potato  rows,"  and  served  the  purpose  of  the  limited  area  they 
then  protected  from  inundation.  To-day  a  greater  part  of  the 
commercial  front,  outside  of  the  original  levee  line,  has  been 
reclaimed  to  the  city  by  accretions.  In  this  fact  we  recognize 
that  while  the  "Father  of  Waters"  is  inclined  to  be  bold  and  bad 
in  many  of  his  ways,  giving  us  a  ducking  occasionally,  and  an 
unkind  cut  here  and  there  in  the  bends,  yet  there  is  much  to 
be  said  to  his  credit,  in  which  the  commercial  front  of  New 
Orleans  will  bear  him  out. 

From  these  beginnings  in  1717  has  evolved  the  "all-levee 
system"  as  it  exists  to-day,  and  the  writer  believes  that  the  por- 
tion of  it  in  the  delta  section  of  the  Lower  Mississippi  will  stand 
on  its  own  basis  and  merit.  The  immediate  and  most  potent 
motive  of  its  advocates  is  the  reclamation  and  protection  of  the 
alluvial  lands  of  the  State  bordering  on  that  stream,  and  the 
efforts  in  this  direction  will  not  cease  until  the  purpose  is  accom- 
plished. 

Mr.  L.  W.  Brown. — The  impression  seems  to  prevail  that 
my  paper  refers  to  the  Lower  Mississippi,  as  embracing  only  that 
portion  from  the  Red  River  to  the  Gulf.  The  arguments  rela- 
tive to  increasing  floods,  their  cause  and  the  remedy,  as  ad- 
vanced, embrace  the  river  from  Cairo  to  the  Gulf;  and,  as  verbally 
explained  to  Major  Harrod  at  a  previous  meeting,  the  construc- 
tion of  reservoirs,  as  relief  avenues  for  floods,  refers  more  par- 
ticularly to  that  portion  from  Red  River  to  the  Gulf  where 
avenues  of  escape  to  sea  can  be  most  readily  secured.  The 
paper  refers  to  the  construction  of  reservoirs  above  the  Red  River, 
but  rather  for  irrigation  than  as  a  relief  measure. 

The  paper  records  the  statement  that  I  am  not  opposed  to 
levees;  and  I  desire  to  emphasize  the  statement  so  as  to  posi- 
tively remove  any  impression  to  the  contrary,  by  advising  that 
I  consider  the  levees  absolutely  necessary;  but,  as  stated  in  my 
paper,  I  consider  that  levee  building,  on  the  lines  now  adopted, 
and  without  the  execution  of  other  equally  important  work  in 
connection  therewith,  will  in  a  few  decades  entail  disaster  to  all 
interests  in  the  alluvial  sections,  notwithstanding  the  united 
opinions  of  the  savants  of  river  and  levee  matters  to  the  contrary. 

I  would  observe  that  both  Major  Richardson  and  Major 
Harrod  have,  in  their  discussion,  studiously  avoided  any  refer- 
ence to  the  absolute  fact  that  the  levees  are  enormously  higher 
to-day  than  two  decades  ago;  and  I  would  further  observe  that 
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the  levees  in  1897  were  onl\-  l)y  great  exertion  made  to  answer 
their  purpose,  and  that  the  high  and  substantial  levees  which 
existed  in  1897,  as  compared  with  the  low  and  w-eak  levees  of 
1882,  offered  no  greater  security  against  inundation;  and  as 
history  never  fails  to  repeat,  when  mankind  is  inactive,  it  is  not 
improbable  that  in  1905,  or  earlier,  the  existing  levees,  which  are 
mountains  as  compared  with  those  of  1882  or  1897,  will  be  found 
small  and  weak,  and  that  protection  will  require  more  labor  to 
reinforce  and  supplement  than  was  recpiired  on  the  levees  of 
1897,  the  total  cost  of  which  will  never  be  known;  but  the  cost 
of  reinforcement  and  losses  from  all  causes  will  probably  exceed 
$100,000,000. 

Major  Harrod  makes  use  of  the  following  expression: 

"The  phenomena  of  any  one  part  are  explainable  only  by  a 
comparative  study  of  all  ])arts  where  similar  conditions  prevail." 

How  could  this  maxim  be  applied  to  the  Mississippi  River 
in  1897,  when  all  the  parts  embraced  such  phenomenal  condi- 
tions as  produced  most  disastrous  effects,  and  when  there  existed 
no  condition  by  which  a  comparison  of  any  one  part  could  be 
made.  Hence,  there  being  no  means  to  define  the  cause  of  the 
phenomena  of  1897  by  comparison  of  one  part  of  the  river  with 
another,  the  cause  is  sought  to  be  secured  by  an  inquiry  into  the 
effects  which  the  work  done  by  the  Mississippi  River  Commission 
has  produced  on  the  river,  by  a  comparison  of  the  same  parts  of 
the  river,  or  of  the  whole  river  as  refers  to  some  important  fun- 
damental element  of  the  river,  such  as  slope,  velocity,  cross-sec- 
tion, etc.,  or,  if  no  w^ork  had  been  performed  in  attempting  to 
improve  the  river,  the  same  investigation  would  be  necessary 
to  determine  what  was  producing  the  disturbance,  and,  when 
found,  to  determine  to  what  extent  mankind  could  assist  in  pro- 
viding against  reoccurrence;  and  I  propose  to  show,  replying 
to  Major  Harrod's  discussion,  that  the  improvements  now  being 
made  on  the  Mississippi  River  are  causing  serious  interference 
with  one  of  the  fundamental  elements  of  the  river, — viz,  the 
slope.  With  a  view  of  fortifying  my  conclusions,  I  will  quote 
a  portion  of  the  fourth  section  of  the  act  of  Congress,  approved 
August  29.  1879  (twenty-two  years  ago),  which  gave  life  to  the 
Mississippi  River  Commission,  and  which  reads  as  follows: 

"Sec.  4.  It  shall  be  the  duty  of  said  commission  to  take  into 
consideration  and  mature  such  plan  or  plans  and  estimates  as  will 
correct,  permanently  locate  and  deepen  the  channel  and  protect  the 
banks  of  the  Mississippi  River;  improve  and  give  safety  and  ease  to 
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the  navigation  thereof ;  prevent  destructive  floods,  promote  and 
facilitate  commerce,  trade  and  the  postal  service,  and  when  so  pre- 
pared and  matured,  to  submit  to  the  Secretary  of  War  a  full  and  de- 
tailed report  of  their  proceedings  and  actions,  and  of  such  plans, 
with  estimates  of  the  cost  thereof,  for  the  purpose  aforesaid,  to 
be  by  him  transmitted  to  Congress." 

I  refer  to  the  above  to  show  that  Congress  positively  directed 
that  the  plans  of  the  commission  should  embrace  the  protection 
of  the  country  against  destructive  floods,  and  the  instructions 
are  in  the  most  emphatic  terms,  "It  shall  be  the  duty  of  said 
commission  to  mature  such  plans  as  will  prevent  destructive 
floods."  In  passing  this  act,  Congress  unquestionably  realized 
the  importance  of  the  floods  of  the  Mississippi,  and  that  the 
work  of  the  commission  appointed  in  1874  to  investigate  the 
river,  as  contained  in  their  report  to  the  Forty-third  Congress, 
second  session,  embraced  the  necessary  investigation  and  con- 
sideration by  eminent  hydraulicians  to  enable  the  commission 
appointed  in  1879  to  proceed  with  absolute  certainty  of  results; 
and  it  is  interesting  to  observe  the  language  of  the  two  acts.  The 
act  of  1874  directs  that  a  report  shall  be  made  of  best  methods 
to  protect  the  alluvial  lands  against  inundation;  whereas,  the  act 
of  1879  is  a  positive  order  to  "prevent  destructive  overflow." 

The  direct  questions  may  be  asked,  have  the  results  of  the 
work  done  by  the  commission  during  the  past  twenty-two  years, 
embracing  an  expenditure  of  $35,000,000,  carried  into  effect  the 
direct  order  of  Congress,  as  issued  in  1879?  As  a  matter  of 
fact,  has  not  the  expense  entailed  on  the  various  States,  parishes 
and  individuals  depending  on  levees  for  protection,  increased 
tremendously  since  1880,  or  since  the  plans  of  the  Mississippi 
River  commission  were  adopted  and  partially  executed;  and  does 
not  the  rate  of  increase  of  cost  and  height  of  levees,  between 
1880  and  1901,  very  largely  exceed  the  rate  for  any  period  of 
twenty-two  years  from  1828  to  1880;  and  have  the  alluvial  dis- 
tricts of  the  Mississippi  been  more  secure  against  inundation 
during  the  past  twenty-two  years  than  they  have  for  any  like 
period  prior  to  1882;  and  during  the  past  twenty-two  years  have 
not  the  actual  losses  from  inundation  far  exceeded  those  of  any 
like  period  prior  to  1880? 

I  propose  to  establish,  by  the  writings,  theories  and  actions 
of  the  Mississippi  River  Commission,  that  the  slope  is  decreased 
in  proportion  as  the  height  of  floods  are  by  their  own  works  in- 
creased, and  will  use  the  recorded  and  published  observations  of 
the  commission  for  evidence. 
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The  following  is  a  quotation  from  the  original  report  of  the 
Mississippi  River  Commission  to  Congress  in  1880: 

"The  bad  navigation  of  the  river  is  produced  by  the  caving  and 
erosion  of  its  banks  and  the  excessive  widths  with  the  bars  and 
shoals  resulting  directly  therefrom.  It  has  been  observed  in  the 
Mississippi  River,  and  is  indeed  true  of  all  silt-bearing  streams 
flowing  through  alluvial  deposits,  that  the  more  nearly  the  high- 
river  width,  or  width  between  the  banks,  approaches  to  uniformity, 
the  more  nearly  uniform  will  be  the  channel  depth,  the  less  will 
be  the  variations  of  velocity  and  the  less  the  rate  of  caving  to 
be  expected  in  concave  bends. 

"This  would  seem  to  be  so  in  the  very  nature  of  things,  be- 
cause uniformity  of  width  secured  by  contraction  will  produce 
increased  velocity,  and  therefore  increased  erosion  of  the  bed  at  the 
shoal  places,  accompanied  by  corresponding  deposit  of  silt  at  the 
deep  places. 

"Uniform  depth,  joined  to  uniform  width,  that  is  to  say,  uni- 
formity of  effective  cross-section,  implies  uniform  velocity,  and 
this  means  that  there  will  be  no  violent  eddies  and  cross-currents, 
and  no  great  and  sudden  fluctuations  in  the  silt-transporting  power 
of  the  current.  There  will,  therefore,  be  less  erosion  from  oblique 
currents  and  eddies,  and  no  formation  of  shoals  and  bars  produced 
by  silt  taken  up  from  one  part  of  the  channel  and  dropped  in  an- 
other. 

"As  the  friction  of  the  bed  retards  the  flow  of  the  water,  any 
diminution  of  the  friction  will  promote  the  discharge  of  the  floods. 
The  frictional  surface  is  greater  in  proportion  to  volume  of  dis- 
charge where  the  river  is  wide  and  shoal  than  where  it  is  narrow 
and  deep.  It  follows,  therefore,  that  after  the  wide  shoal  places 
are  suitably  narrowed,  and  the  normal  sectional  area  is  restored 
by  deepening  the  channel,  the  friction  will  be  less  than  it  was  be- 
fore. This  will  result  in  a  more  easy  and  rapid  discharge  of  the 
flowing  water,  and  consequently  in  a  lowering  of  the  flood-surface. 
It  would  seem,  therefore,  that  the  plan  of  improvement  must  com- 
prise, as  its  essential  features,  the  contraction  of  the  waterway 
of  the  river  to  a  comparatively  uniform  width  ;  and  the  protection 
of  the  caving  banks. 

"initial  work. 

"Under  the  authority  conferred  in  Section  5  of  the  act,  esti- 
mates of  cost  of  certain  initial  works,  constituting  a  component 
part  of  the  general  system  of  works  contem])lated,  as  submitted. 

"These  works  of  channel  contraction  and  bank  protection,  which 
in  the  judgment  of  this  commission,  may  be  advantageously  under- 
taken during  the  coming  fiscal  year  or  as  soon  as  Congress  sup- 
plies the  means,  are  confined  to  an  aggregate  length  of  200  miles 
of  the  shoalest  water  below  Cairo,  embracing  the  following  local- 
ities,— namely.  New  IMadrid,  Plum  Point.  Memphis,  Helena,  Choc- 
taw Bend  and  Lake  Providence." 

For  good  reason,  no  doubt,  although  the  public  is  not  informed 
as  to  that  reason,  the  general  plan  of  contraction  of  channel  and 
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providing  uniform  width  between  banks,  uniform  cross-section 
and  velocity,  as  originally  determined  upon,  seems  to  have  been 
abandoned,  and,  perhaps  for  the  welfare  of  our  section,  it  is  for- 
tunate that  the  original  plan  was  not  carried  out. 

It  is  interesting  to  note  the  conclusions  of  the  commission 
when  the  inauguration  of  the  work  was  recommended  in  1880. 
The  reports  say  that  the  first  work  "is  confined  to  an  aggregate 
length  of  200  miles  .  .  .  embracing  the  following  localities, — 
viz,  New  Madrid,  Helena,"  etc.  All  this  initial  work  recommended 
is  located  from  600  to  800  miles  from  the  outlet  of  the  river ;  and 
all  the  money  expended  by  the  commission  for  twenty-two  years, 
except  some  small  and  spasmodic  levee  building  and  useless  mat- 
tress planting,  has  been  spent  in  endeavoring  to  protect  the  work 
done  by  the  commission  in  the  upper  reaches,  in  violation  of 
nature's  laws,  and  which  would  perhaps  have  been  found  unneces- 
sary, as  the  bad  conditions  in  these  upper  reaches  would  have  cor- 
rected themselves  had  the  necessary  assistance  been  provided  by 
improving  the  outfall ;  hence  a  maxim :  "To  improve  the  flow  or 
discharge  in  any  stream,  improve  the  outfall  and  thus  increase  the 
slope." 

The  work  done  on  the  ^lississippi  River  during  the  past 
twenty-two  years  is  illustrated  by  a  municipality  which  has  a 
proper  and  well-proportioned  sewerage  or  drainage  system,  and  in 
which,  as  the  city  grows,  considerable  expenditure  is  made  in  the 
enlarging  and  extension  of  the  laterals  without  any  improvement 
of  the  main  outlet,  and  experts  are  called  to  demonstrate  why  the 
system  is  defective.  Ihe  main  trunk  of  the  Mississippi,  between 
Vicksburg  and  the  sea,  is  defective,  and  requires  such  improve- 
ment that  the  slope  will  be  increased  in  proportion  as  the  eleva- 
tion of  surface  of  floods  is  increased  by  greater  volumes. 

The  report  of  the  commission,  in  1880,' contains  the  following: 

"It  follows,   therefore,   that   after  the   wide  shoal  places  are 
suitably  narrowed,  and  the  normal  section  area  is  restored     . 
this  will  result  in  a  more  rapid  discharge  of  the  flowing  water  and 
consequently  in  a  lowering  of  the  flood  surface." 

The  above  is  precisely  in  line  with  the  recommendation  made 
in  my  paper ;  and  I  contend  that  the  line  of  levees  must  be 
constructed  on  lines  to  give  the  velocity  determined  as  proper  in 
that  portion  of  the  river  in  which  they  are  located ;  but  the  inau- 
guration of  the  work  must  be  at  the  outfall,  and  the  determination 
of  required  velocity  at  different  parts  of  the  river  must  be  decided 
by  the  observation  and  consideration  of  the  conditions  secured  by 
the  work  from  the  outfall  upwards. 
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Has  the  commission  executed  an\'  work,  accordinj:^  to  the 
strict  interpretation  of  the  first  quotation  ahove  from  their  report 
of  1880?  Are  they  building  levees,  or  recommending^  them  to 
be  built,  on  the  lines  suggested  by  their  report?  Are  they  hold- 
ing caving  banks  or  attenijiting  in  any  way  to  maintain  the  con- 
cave sides  of  bends,  which  is  necessary  to  carry  out  their  recom- 
mendation to  secure  uniform  width,  cross-section,  velocity,  etc.? 
And  does  a  glance  at  their  reports,  or  does  actual  observation, 
show  either  that  their  works  of  bank  protection  arc  stable  or  that 
they  satisfactorily  answer  their  requirements?  As  a  matter  of  fact, 
does  the  value  of  the  bank  i)rotection  works  which  have  not 
washed  out  and  which  are  now  serving  any  purpose,  amount  to 
10  per  cent,  of  the  money  expended  for  their  construction?  Is  it 
not  evident  that  all  the  work  done  by  the  Mississippi  River  Commis- 
sion during  the  past  twenty-two  years  has  been  on  lines  contrary 
to  known  hydraulic  laws,  and  is  there  any  reason  why  the  work 
should  not  fail  ?  Was  it  not  the  proper  plan  to  inaugurate  work 
at  the  outlet  of  the  [Mississippi  River  and  improve  the  discharge  to 
the  sea  before  attempting  to  improve  the  upper  trunk  and  laterals? 

The  decreasing  of  slope  with  increasing  flood  elevations  con- 
clusively proves  that  hydraulic  laws  have  been  violated  in  connec- 
tion with  the  river  improvements. 

The  theory  of  the  plans  of  the  Mississippi  River  Commission, 
as  generally  understood,  are  that  an  increased  velocity  and  reduced 
flood  elevations  will  result  from  confining  the  volume,  and  that 
any  outlet,  whether  a  natural  bayou,  crevasse  or  waste  weir,  would 
not  decrease  the  flood  elevation,  except  within  a  few  thousand  feet 
of  the  opening,  and  would,  further,  absolutely  increase  the  height 
of  flood  slope  throughout  the  river.  That  the  theory,  as  prac- 
ticed by  the  Mississippi  River  Commission,  is  an  absolute  violation 
of  hydraulic  laws  is  shown  by  the  fact  that  any  increase  of  flood 
elevation  at  Cairo  or  Memphis  occasions  a  flood  elevation  at  Red 
River  and  Carrollton,  which  is  very  much  higher  in  proportion  than 
such  a  conclusion  would  determine  proper ;  in  fact,  the  actual 
heights,  at  the  several  points,  above  those  of  preceding  seasons 
of  high  water,  are  about  the  same,  or,  perhaps,  more  at  the 
lower  end  of  slope ;  w'hereas,  with  a  rise  of  say  3  feet  at  Memphis 
or  Helena,  the  proportional  height  would  be  only  a  few  inches  at 
Red  River  and  Carrollton,  which  proves  that  the  slope  is  de- 
creased as  flood  heights  increase. 

The  surface  of  water  of  the  flood  of  1897  was  above  the  sur- 
face of  water  of  flood  of  1890,  at  the  several  points  in  the  river, 
as  follows:   Carrollton,  3.07  feet;  Red  River,  3.53   feet;  Vicks- 
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burg,  343  feet ;  Helena,  4.03  feet ;  Alemphis,  2.06  feet ;  Cairo, 
2.82  feet ;  which  shows  that  the  elevations  of  floods  of  1897,  in  the 
lower  end  of  the  slope,  were  much  higher  above  the  elevation  of 
flood  of  1890  than  they  were  at  the  upper  end,  which  condition 
is  seen  to  be  reversed  from  Vicksburg  to  the  sea  by  comparing  the 
floods  of  1890  with  the  floods  of  1874.  .The  height  of  the  floods  of 
1890,  above  those  of  1874,  at  the  several  points  on  the  river,  were 
as  follows, — viz,  Carrollton,  0.4  foot ;  Red  River,  0.38  foot  below ; 
Vicksburg,  3.35  feet;  Helena,  1.90  feet;  Memphis,  1.60  feet;  Cairo, 
1.43  feet. 

A  consideration  of  the  latter  table  shows  that  the  river  is 
congested  between  the  sea  and  Vicksburg ;  while  the  first  table 
shows  that  the  congested  condition  extended  to  Helena,  i.e.,  the 
water  came  into  these  reaches  faster  than  it  could  be  discharged  to 
the  sea. 

In  absence  of  full  slope  data,  I  propose  to  consider  that  the 
gage  readings  of  the  Mississippi  River  Commission  supply  all  re- 
quirements for  present  purposes,  and  that  they  are  susceptible  of 
reliable  deductions  as  to  intensity  and  variability  of  slope  of  floods 
between  points  on  the  river ;  as,  according  to  the  theory  of  the 
Mississippi  River  Commission,  the  gage  readings  are  not  affected 
by  crevasses  or  other  small  and  local  conditions,  although  Major 
Harrod,  in  his  discussion,  has  thought  fit  to  express  an  opposite 
view.  I  will  assume  that  the  flood  wave  extended  over  a  period 
sufficient  to  absolutely  fill  the  whole  river,  as  it  did  in  1897  and  in 
other  flood  years,  and  will  use  the  highest  gage  readings  through- 
out the  river  for  securing  a  comparative  table  of  slope  for  different 
conditions. 

The  use  of  gage  readings,  as  I  propose,  is  generally  considered 
proper,  and  I  quote  "Seddon  on  River  Hydraulics,"  where  he 
refers  to  gages,  as  follows : 

"The  gage  relations  on  the  ?xlississippi  are  not  only  espe- 
cially stable,  but  they  are  also,  in  general,  especially  well-defined 
single  lines ;  and,  in  that  case,  every  variation  which  shows  in  the 
surface  levels  of  the  same  discharge  at  one  of  the  gages  must  show 
in  the  given  ratio  and  the  given  period  at  the  other.  Changes  of 
plane  are  transferred  as  well  as  discharge  curves,  and,  as  far  as 
the  gage  relations  below  Arkansas  City,  each  shows  a  single  line  for 
both  of  these  periods,  this  change  of  plane  is  necessarily  an  iden- 
tity all  the  way  down." 

In  the  following  table  Column  X  is  elevation  of  maximum 
gage  readings  above  o.  C.  D.;  Column  Y  the  slope  between  the 
several  points  on  the  river,  expressed,  in  order  to  avoid  fractions, 
in  millimeters  per  mile.     This  table  embraces  the  record  of  ten 
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seasons  between  1874  and  1898,  live  of  which  were  years  of  normal 
floods. — 1878,  1885,  1889,  1896.  1898,  and  tlie  otlier  five  are  years 
of  high  floods, — 1874.  1882,  i8(jo,   1893.  1897. 

For  calculation  of  slopes,  distances  are  taken  as  follows : 

Cairo  lo  Mempliis 230  miles. 

}klcmplii.s  to  Helena "jd  " 

Helena  to  Greenville 172  " 

Greenville  to  Vicksburg   121  " 

Vicksburg  to  Red  River  166  " 

Red  River  to  Carrollton  192  " 

Carrollton  to  the  Sea  120  " 

Years  of  High  Floods. 


Ciiiro. 

Meiuphts       j 

X 

33S.21 

X 

Y 

"74 

237-97 

133 

-Sj 

342-71 

239.12 

'35 

^  lo 

341.64 

239-57 

135 

IN.-? 

340.17 

239-17 

1.^3 

1^7 

342.46 

241.63 

132 

X 


207.80  i2r  I  149.20  104 
209.18  I  120  ;:  149.68  105 
209.70  :  119  ii  151-45  103 
209.90  117  152.30  ■  102 
213-73  I '7  1  154-75  '  104 


111.74 

114-79 
115.09 
114.34 
118.52 


Red  River.      CBrrollton 


9^ 

70.90 

75 

88 

72.35 

78 

92 

72.52 

78 

97 

71.57 

79 

91 

74.05 

81 

36.61 

55 

.35.S6 

58 

37-10 

,56 

38-36  i  53 

40.08 

54 

21.26 

21.26  „, 

21.26  I  40 
21.26  '  44 
21.26    4S 


Years  of  Normal  Floods. 


Cairo. 

Mempli 

is. 

Helena. 

Greenville. 

Violisburg. 

R«(i  River. 

Carroll 

ou. 

'- 

.<;ea 

X 

X 

r 

!    X 

Y 

X 

Y    1 

X 

106.99 

Y 

98 

X 

Y 

X 

Y 

X 

Y 

•^78 

'  327.88 

233-07 

126 

200.7^ 

130' 

146.05 

97 

63.27 

80 

1  32-21 

49 

21 

26 

2S 

'^5 

329-84 

233-22 

128 

202.68 

12^ 

146.05     101 

108.44 

96 

65.M 

78 

34.46 

50 

21 

.2b 

34 

""9 

22537 

230.57 

126 

196.08 

1.38 

139-85  1    97 

100.89 

98 

57-85 

79 

32.51 

40 

21 

.26 

29 

-,6  , 

•  330  04 

232.37 

129 

200.40 

128 

142.60  1  103 

105.04 

96 

61.25 

80 

34.61 

■"S 

21 

.2b 

34 

-q8 

340.62 

241.56 

131 

211.09 

122 

154.16  1  103  1 

1 15.44 

97 

68.15 

87 

36.S1 

50 

21 

.2h 

39 

As  will  be  observed,  a  study  of  this  table  is  very  instructive. 
The  slope  from  Cairo  to  Memphis  is,  in  comparison,  quite  regular, 
with  the  several  elevations,  varying  from  126  mm.  per  mile  at  eleva- 
tion 327.88  feet  at  Cairo  in  1878  to  135  mm.  at  341.64  feet  in  1890, 
which  show'S  that  this  stretch  of  river  has  a  fairly  uniform  section 
and  that  its  condition,  for  discharge  of  floods,  is  superior  to  any  of 
the  other  sections.  Tt  will,  however,  be  noted  that  the  slope  in 
1897  was  132  mm.  per  mile  and  was  less  than  that  of  any  of  the 
other  flood  years  with  lower  elevations,  wdiich  would  indicate  an 
increasing  retrogression  of  the  value  of  the  channel  for  delivery  of 
floods. 

The  slope  in  the  stretch  between  Memphis  and  Helena  has,  for 
floods,  gradually  decreased  from  121  mm.  per  mile  at  elevation  of 
-37-97  feet  at  Memphis  in  1874  to  117  mm.  per  mile  with  elevation 
of  241.63  feet  in  1897,  which  shows  clearly  a  decreasing  slope 
with  increasing  elevation,  and  that  this  stretch  cannot  discharge  any- 
large  flood  with  safety.  It  w^ill-be  further  noted  that  the  slope  in 
this  stretch  is  very  much  greater  under  normal  floods  than  in  high 
34 
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floods,  the  slope  in  1878,  at  elevation  of  233.07  feet,  being  130  mm. 
per  mile  and  decreasing  with  considerable  uniformity  to  122  mm. 
per  mile  at  elevation  of  241.56  in  1898.  It  will  also  be  observed 
that  the  slope  is  rapidly  decreasing  with  time  for  both  normal  and 
high  floods,  which  proves  that  the  flow  conditions  are  being  inter- 
fered with. 

The  same  condition  of  decreasing  slopes  with  increasing  flood 
elevation  is  shown  to  exist  in  the  stretch  between  Helena  and 
Greenville,  where  the  slope,  in  1874,  was  104  mm.  per  mile  with 
elevation  of  207.8  at  Helena,  and  it  was  104  mm.  per  mile  in  1897 
with  elevation  of  213.73  ^^^t. 

In  the  stretch  between  Greenville  and  Vicksburg,  the  slope 
in  1897  was  only  91  mm.  per  mile  at  elevation  of  154.75  feet  at 
Greenville,  while  in  1874  it  was  95  mm.  per  mile  at  elevation  of 
149.2  feet,  showing  a  large  decrease  in  slope  with  increase  of  ele- 
vation of  flood  surface. 

The  stretch  between  Vicksburg  and  Red  River  shows  a  small 
increase  in  slope,  but  not  commensurate  with  the  increase  in  head 
or  flood  surface,  and  between  Red  River  and  Carrollton  the  slope 
is  less  in  1897  with  elevation  of  74.05  at  Red  River,  than  in  1874 
with  elevation  of  only  70.9  feet,  showing  a  congested  condition, 
retarding  velocity  and  flow. 

It  is  interesting  to  study  the  slope  from  Vicksburg  to  the  sea 
for  the  years  of  1896,  1897  and  1898,  and  note  the  great  increase 
of  slope  in  1898  over  that  of  1896,  which  corroborates  my  views 
as  expressed  in  my  paper,  as  follows : 

"Why  are  maximum  floods  sporadic,  seldom,  if  ever,  occurring 
in  yearly  succession  .  .  .  which  clearlv  demonstrates  that  the 
floods  with  maximum  elevations,  even  with  equal  volume  of  dis- 
charge, cannot  occur  in  succession,  for  the  reason  that  the  avenues 
for  passage  of  water  are  scoured  out  by  the  first  flood,  and  the 
conditions  to  retard  the  passage  cannot  be  formed  in  the  interval 
of  time  between  two  flood  periods." 

And  the  tal;)le  above  clearly  proves  that  the  increasing  height 
of  floods  is  "(iiic  to  the  increase  of  resistance  for  channel  to  clear 
itself." 

I  fail  to  understand  how  the  Mississippi  River  Commission  can 
proceed  on  the  lines  now  adopted  for  improving  the  river.  There 
is  so  much  evidence  at  hand  and  so  many  facts  established  to 
prove  not  only  the  utter  futility  of  the  work,  but  that  it  must  result 
in  unsatisfactory  and  disastrous  results. 

I  have  proved  that  increasing  floods  are  decreasing  the  slope. 
It  is  impossible  to  calculate  the  ratio,  but,  assuming  that  it  will 
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be  the  same  as  shown  l)v  comparison  of  1897  and  1874.  the  addi- 
tional hei.^lit  of  levee  required  at  Carrollton  to  contain  the  floods 
when  the  St.  Francis  Basin  is  leveed,  will  be  not  less  than  5  feet. 
Seddon,  in  "Reservoirs  and  the  Control  of  the  Lower  Missis- 
sippi," refers  to  the  St.  Francis  Rasin  as  follows : 

"Alto.qether,  then,  from  the  evidence  of  this  1897  flood,  there 
is  little  doubt  that  to  shut  off  the  outflow  completely  from  all  these 
great  basins  is  to  raise  the  high  water  stages  of  such  floods  from 
six  to  eight  feet  above  the  level  at  which  the  natural  reservoir 
system  of  this  river  would  have  carried  them ;  and  even  in  the  in- 
terests of  a  real  flood  protection  alone,  it  would  certainly  be  wise  to 
consider  whether  some  less  dangerous  step  into  the  unknown  might 
not  be  substituted  for  it." 

Starling,  on  the  "Mississippi  River,"  says: 

"The  St.  Francis  was  closed  since  1893  to  a  distance  measured 
along  the  river  of  120  miles  and  a  gap  of  100  miles  still  remains. 
It  is  to  the  building  of  these  levees  and  to  the  maintenance  of  the 
lines  previously  existing  that  the  unparalleled  stages  attained  by 
the  water  has  lieen  due." 

And  as  for  the  highly  improved  alluvial  lands  below  the  Red 
River,  the  writing  of  Prof.  Lewis  M.  Haupt  is  sufficiently  sug- 
gestive :  "The  last  stage  of  that  property  will  be  worse  than  the 
first." 

The  investigations  I  have  made  of  the  methods  now  in  hand 
for  the  improvement  of  the  Alississippi  River  suggest,  as  a  com- 
parison, an  illustration  wherein  the  Mississippi  River,  from  Vicks- 
burg  to  the  sea,  represents  an  old  beer  keg  with  the  head  knocked 
out.  set  on  end  and  provided  with  a  rusty,  worn-out  choked 
faucet,  the  key  of  which  has  long  since  been  lost ;  while  the  river 
above  Vicksburg  is  represented  by  a  brand  new  and  thoroughly 
banded  whisky  barrel  set  above  and  arranged  to  discharge  into  the 
old  beer  keg  by  two,  new  highly-polished,  non-choking,  keyless 
faucets,  and  the  proprietor  of  all  this  outfit  is  guaranteed  by  the 
designer  and  constructor  that,  by  maintaining  the  whisky  barrel 
full,  the  old  beer  keg  might  be  filled,  but  would  never  overflow. 

It  would  appear  that,  to  secure  proper  and  satisfactory  re- 
sults, the  work  of  improving  this  river  must  be  inaugurated  at  the 
sea,  the  first  step  being  to  provide  a  proper  outlet  for  the  ultimate 
confined  volume,  and  gradually  extend  the  improvement  to  reach 
the  whole  length  and  breadth  of  the  stream.  I  am  convinced  that 
no  levee  work,  outlet  work  or  jetty  work  singly  will  answer  the 
purpose,  and  that  the  work  must  be  a  combination  of  several  dis- 
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tinct  methods.     In  this  opinion  I  am  fortified  by  eminent  hydrau- 
hcians.  and  will  quote  as  follows : 

Herman  Haupt  on  "The  Problem  of  the  Mississippi,"  pub- 
lished in  the  "Journal  of  the  Franklin  Institute,"  April,  1899,  says: 

"In  May,  1897,  the  writer  published  several  articles  in  the 
New  York  "Sun"  on  the  Mississippi  River  problem,  the  aim  of 
which  was  to  show  that  of  the  systems  proposed,  neither  the  levee, 
the  outlet,  the  reservoir,  nor  any  other,  singly,  would  secure  pro- 
tection from  overflow,  but  that  a  combination  of  several  and  an  in- 
telligent application  of  certain  recognized  principles,  with  a  careful 
study  of  local  conditions  was  essential  to  a  practical  solution  of 
the  problem  presented." 

This  statement  indorses  the  recommendations  of  my  paper. 
Professor  Haupt  further  says,  referring  to  the  known  and  estab- 
lished variation  of  slope : 

"These  variations  of  slope  would  necessarily  produce  varia- 
tions of  velocity,  and  unless  the  sediment  had  been  previously 
deposited  every  reduction  in  velocity  would  cause  new  deposits  in 
the  bed.  and  every  increase  in  velocity  from  contraction  of  the 
cross-section  by  levees  or  otherwise  would  suspend  such  deposits, 
or.  in  some  cases,  might  even  depress  the  bottom  by  producing  a 
scour. 

"As  there  are  variations  of  slope  and  constant  contraction  and 
expansion  of  sectional   area,   there   must  necessarily  be   frequent " 
changes  of  velocity,  and,  as  a  matter  of  course,  there  will  be  de- 
posits in  some  portions  of  the  bed  and  none  in  others,  with  occa- 
sional scour  tending  to  the  formation  of  holes." 

This  statement  is  justified  by  the  known  results  which  have 
their  cause  verified  by  the  fact  that  the  slope  decreases  with  the 
increase  of  elevation  of  flood ;  and,  referring  to  the  ultimate  closing 
of  all  the  outlets  from  Cairo  to  the  sea,  he  has  the  following  to 
say : 

"If  the  partial  closing  of  the  levees  in  front  of  some  of  the 
basins  has  resulted  in  such  an  enormous  increase  of  flood  height 
that  the  most  elevated  levees  would  have  been  overtopped  and 
submerged  but  for  the  relief  afforded  bv  crevasses,  what  results 
may  be  expected  when  the  whole  river  is  confined  by  continuous 
levees  on  both  sides?  If  the  volume  of  water  that  is  poured  into 
the  upper  portion  of  the  Mississippi  is  twice  as  great  as  is  now 
discharged  at  its  mouth,  what  must  be  the  elevation  of  the  crest 
lines  of  the  flood  when  the  volume  is  doubled?  The  idea  that  an 
increase  of  velocity  will  result  from  the  increased  volume  and,  that 
in  consequence,  a  scour  will  be  produced  that  will  increase  depth 
sufficiently  to  compensate  for  increased  height  of  flood  has  been 
shown  to  be  fallacious.  If  there  was  a  continuous  scour  the  ma- 
terial must  be  deposited  somewhere,  and  the  only  conceivable  place 
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of  deposit  would  then  be  at  the  Gulf,  reinforced  by  all  the  material 
l)rought  in  from  the  tributaries  and  from  erosion  of  the  banks,  in 
which  case  the  amcumt  would  be  so  enormous  that  it  would  be  al- 
most impossible  to  maintain  navij^ation  and  New  Orleans  might 
become  an  inland  city.  Heretofore,  relief  has  been  afforded  by 
crevasses  and  cut-offs,  by  which  it  is  said  that  half  the  volume  in 
flood  sta.c^es  has  found  its  way  to  the  Gulf  through  swamps,  bayous 
and  secontlary  streams,  and  was  not  discharged  through  the  passes. 
When  these  avenues  of  escape  are  cut  off  there  must  necessarilv 
be  a  great  increase  in  the  flood  height  unless  some  other  mode  of  re- 
lief can  be  provided. 

"The  evidence  presented  should  be  conclusive  that  parallel 
levees  of  any  ordinary  height,  continuous  on  both  sides  of  the 
streams,  with  outlets  all  closed,  compelling  the  river  to  carry  and 
discharge  into  the  Gulf  double  the  former  volume  of  flood  water 
will  not,  with  certainty,  secure  the  country  permanently  against 
overflow,  but  when  the  limit  of  the  capacity  for  protection  has  been 
attained  the  danger  from  crevasses,  if  they  should  occur,  will  be 
vastly  increased." 

Prof.  J-  B.  Johnson,  before  the  American  Association  for  the 
Advancement  of  Science,  in  1884,  gave  expression  to  his  views,  as 
follows : 

"It  would  seem,  therefore,  that  in  the  river's  present  condi- 
tion, there  is  no  evidence  that  a  confined  flood  will  scour  out  its  bed 
so  as  to  facilitate  the  discharge,  and  there  is  considerable  evidence 
against  it.  If  the  river  flowed  between  straight  parallel  banks,  such 
as  Captain  Eads  has  constructed  at  the  mouth  of  the  river,  there 
then  could  be  no  such  thing  as  discontinuous  transportation  of 
sediment,  and  hence  no  alternate  scour  and  fill.  Then  concentra- 
tion of  volume  would  be  beneficial  and  t^^ould  ultimately  lower 
the  river  bed.  But  this  condition  of  things  can  never  l)e  reached  on 
the  Mississippi  River,  and  hence  the  concentration  of  flood  volume 
will  be  harmful  rather  than  beneficial." 

Seddon,  in  "Reservoirs  and  the  Control  of  the  Lower  Missis- 
sippi." invents  a  very  appropriate  maxim  wdien  he  says : 

"The  idea  is  a  fundamental  one  that  the  ills  of  the  river  in  the 
main  lie  in  the  variations  of  its  flow." 

And  the  question  may  be  asked,  has  any  improvement  been 
made  in  this  main  evil  during  the  past  twenty-two  years?  A  truth- 
ful answer  would  be  that  not  only  has  no  improvement  been  made, 
but  that  the  evil  has  increased. 

The  same  writer,  referring  to  the  partial  leveeing  of  the  St. 
Francis  Basin,  says : 

"This  line,  as  first  built,  was  much  too  low  to  withstand  the 
increased  flood  heights  that  followed  the  restricted  overflow,  and 
the  great  flood  of  1897,  the  first  that  has  come  against  it,  broke 
through  the  levee  in  a  nuinber  of  places  before  it  had  reached  its 
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extreme  by  several  feet.  But  it,  nevertheless,  gave  the  last  and  the 
best  indication  of  what  flood  heights  may  be  expected  when  the 
overflow  into  this  natural  reservoir  system  is  entirely  closed  out." 

IMajor  Harrod  has  seen  proper  to  state  that  the  high  water  at 
Carrollton  is  directly  connected  with  the  levee  system,  and  attempts, 
by  a  series  of  averages,  to  prove  that  the  constantly  increasing 
height  of  flood  waters  are  merely  a  natural  conclusion  and  were 
not  unexpected,  neither  are  they  higher  than  was  anticipated. 
These  conclusions  open  up  a  wide  and  interesting  field  for  dis- 
cussion, but  for  the  time,  I  will  refer  to  them  only  to  make  the 
suggestion  that  the  integrity  of  levees  can  be  gaged  only  by  that 
of  the  weakest  part.  In  this  respect  the  levee  is  precisely  similar 
to  a  chain,  the  weakest  link  of  which  represents  the  maximum 
strength  of  the  chain ;  hence,  a  levee  of  sufficient  integrity  to  sus- 
tain the  flood  of  average  elevation  would  be  of  no  value  whatever  to 
sustain  the  sporadic  maximum  floods  ;  and,  as  asked  in  the  former 
part  of  this  paper,  who  can  foretell,  with  absolute  certainty,  what 
is  the  future  maximum  elevation  of  the  floods  of  the  Lower  Missis- 
sippi? From  a  careful  consideration  of  the  improvements  now 
being  made  on  the  river  and  the  results,  covering  a  period  of 
twenty-two  years,  are  we  not  justified  in  anticipating  that  the 
floods  of  1897  will  be  largely  exceeded? 

Referring  to  the  question  of  increased  run-off  from  watersheds 
from  the  deforesting  of  the  western  slopes  of  the  Alleghenies,  it 
seems  to  be  unsettled,  although  a  preponderance  of  opinion  con- 
cludes that  the  future  r^m-off  will  not  exceed  that  of  the  past. 

Humphreys  and  Abbot,  on  page  437  of  their  report  of  1861, 
referring  to  forest,  state  : 

"The  removal  of  the  matted  undergrowth  and  the  softening  of 
the  earth  cause  a  greater  quantity  of  rain  to  be  absorbed,  and  the 
exposure  to  sun  increases  evaporation." 

Seddon  makes  the  following  observation : 

"Cutting  down  forests,  draining  lands,  reclaiming  swamps, 
with  all  the  climatic  changes  that  are  assumed  to  go  with  such 
development  of  a  country,  are  each  and  all  given  a  place  in  these 
deductions,  and  that  some  of  them  actually  have  a  place  in  the 
flood  regimens  is  possible ;  but  what  this  is,  and  what  its  magnitude, 
and.  indeed,  even  whether  in  a  given  case  it  would  increase  or  de- 
crease the  flood  extremes,  is  in  general  beyond  the  range  of  our 
present  knowledge  of  the  subject." 

Referring  again  to  Major  Harrod 's  discussion,  we  find  that 
he  says : 

''Abbot  demonstrated  the  futility  of  attempting  to  grade  up  the 
lower  lands  of  the  valley  by  deposit  and  overflow." 
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In  the  first  place.  Humphreys  and  Abbot's  deductions  and  con- 
clusions, wliile  they  are  e^enerally  considered  as  being  very  vakiable 
and  excellently  suited  to  the  conditions  of  forty  years  ago,  are  not 
to  be  followed  to-day  without  deep  consideration.  As  a  matter  of 
parallel,  the  rules  and  deductions  governing  the  use  of  steam  and 
other  engineering  specialties,  which  were  considered  absolutelv 
])erfect  forty  years  ago,  are  now  absolutely  obsolete ;  and  it  is  in- 
teresting to  note  the  extreme  height  of  perfection  to  which  all 
branches  of  engineering  have  attained,  as  compared  with  forty 
years  ago,  excepting  only  the  engineering  work  in  connection  with 
the  Mississippi  River,  which  has  for  forty  years  made  no  positive 
and  solid  advancement  toward  providing  benefits,  either  commer- 
cially or  sanitarily,  to  the  immensely  valuable  territory  tributary 
thereto;  and  I  do  not  consider  that  it  is  impracticable  or  impossible 
10  adopt  measures  which  will  vastly  benefit  all  interests  along 
the  Mississippi  River,  notwithstanding  that  Captain  Abbot,  some 
forty  years  ago,  concluded  otherwise.  I  further  believe  that  the 
high  attainments  of  the  engineering  profession  in  this  country  will 
not  allow  the  Mississippi  River  to  become  a  bugbear  of  engineer- 
ing inconsistencies,  reprisals  and  criticisms,  but  will  insist  on  the 
adoption  of  such  enlightened  engineering  works  as  will  produce  re- 
sults which  will  be  the  wonder  of  the  current  century. 
Major  Harrod,  in  his  discussion,  says: 

"The  levee  system  has  received  thorough  study  and  full  dis- 
cussion." 

I  ask.  has  an  opportunity  ever  been  afforded  during  the  past 
twenty-two  years  for  a  discussion  of  the  river  matter,  and  of 
what  use,  in  the  light  of  the  present  experience  and  knowledge, 
are  the  discussions  of  Humphreys  and  Abbot,  and  others  of  forty 
years  ago?  Further,  is  it  not  a  recognized  fact  that  an  attempt  on 
the  part  of  any  engineer  to  question  the  methods  now  adopted  is 
considered  a  breach  of  professional  etiquette  ;  and,  again,  w-hat  posi- 
tive conclusion  has  the  ?^Iississippi  River  Commission  reached  on 
the  subject  that  is  accessible  to  the  public?  And  again  I  ask, 
would  Barnard.  Bailey,  Forshey  and  Eads,  were  they  living  to-day. 
hold  the  opinion  they  expressed  forty  years  ago?  A  quotation 
from  Emerson  eminently  fits  the  foregoing : 

"With  consistency  a  great  soul  has  nothing  to  do  .  .  . 
Speak  what  you  think  to-day  in  words  as  hard  as  cannon  balls,  and 
to-morrow  speak  what  to-morrow  thinks,  in  hard  words  again, 
though  it  contradicts  everything  you  said  to-day." 
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With  candor  and  satisfaction,  worthy  of  a  less  interesting  and 
important  subject,  Major  Harrod,  in  his  discussion,  says: 

"...  the  people  who  wanted  to  live  and  plant  in  the 
river  States  went  on  strengthening-  and  extending  the  levees.  It 
is  now  the  adopted  system  because  it  is  proved  thoroughly  right 
and  practically  useful.  Levees  have  caused  no  elevation  of  the 
bed  of  the  river,  no  phenomena  that  were  not  anticipated,  and 
have  developed  no  insurmountable  difficulties.  They  have  at  all 
times  been,  and  they  are  now,  worth  every  dollar  they  have  cost. 
So  well  have  those  who  live  behind  them  been  satisfied  of  this, 
that  there  is  no  relaxation  of  efifort  to  complete  the  system." 

Each  word  of  the  above  provides  a  text,  and  an  instructive  and 
interesting  book  could  be  written  from  this  paragraph  and  entitled 
"The  Candor  and  Satisfaction  of  the  Mississippi  River  Commis- 
sion." I  will  refer  to  only  a  few  of  the  many  points  this  para- 
graph suggests. 

Has  the  Mississippi  River  Commission  such  knowledge,  and 
has  it  made  such  investigations  as  are  necessary  to  determine,  with 
such  positiveness  as  is  contained  in  Major  Harrod's  language,  that 
the  bed  of  the  river  is  not  being  elevated?  If  they  have,  why 
is  it  that  this  most  valuable  information  is  not  made  public?  If  the 
flood  elevations  are  increased,  as  past  experience  teaches  us  they 
have  befen,  and  if  they  have  occasioned  a  decrease  in  the  slope  of  the 
whole  river,  as  is  shown  to  be  the  case,  although  not  published  by 
the  Mississippi  River  Commission,  by  what  hydraulic  laws  would 
the  deduction  be  made  that  the  bed  is  not  fouling?  If  no  phenom- 
enon has  occurred  which  was  not  anticipated,  the  Mississippi  River 
Commission  is  responsible  for  the  losses  this  country  sustained  in 
1897,  amounting  to  upward  of  $100,000,000,  by  not  adopting,  in 
1894,  a  grade  for  levees  4  feet  above  the  high  water  of  1897,  instead 
of  adopting  this  tremendous  elevation  in  1898;  and  with  the  same 
reasoning,  the  Mississippi  River  Commission  should  at  once  give 
us  the  proper  elevation  for  levees  in  1905,  so  that  we  can  construct 
them  economically. 

As  to  the  statement  that  the  people  who  live  behind  the  levees 
are  satisfied  and  that  they  have  not  relaxed  their  efforts  to  raise 
and  enlarge  the  levees,  as  necessity  demanded,  it  is  most  apparent 
that  with  them  it  is  "root,  hog,  or  die."  Ruin  would  follow  their 
inactivity ;  and  their  wonderful  energy  in  enlarging  levees  and  in 
fighting  the  inevitable  can  be  compared  only  with  the  achievements 
of  the  most  enlightened  people  that  occupy  the  globe  to-day. 

A  casual  intruding  observation  presents  itself  in  the  shape 
of  a  query  as  to  how  much  the  alluvial  lands  of  the  Mississippi 
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would  be  improved  and  enhanced  in  value  to-day  if  only  one-tenth 
of  the  money  spent  on  levees  durin^^  the  past  twenty-two  years  had 
been  spent  on  the  improvement  of  navigation  of  waterways,  road- 
ways, etc. 

Major  Harrod's  remarks  relative  to  reservoirs  and  the  utiliza- 
tion of  river  sediment  for  the  benefit  of  mankind  are  the  echo 
from  forty  years  ago,  and  will  not  withstand  the  intense  search- 
light investigation  of  the  engineering  profession  of  to-day.  The 
value  of  the  industrial  enterprises  throughout  the  alluvial  terri- 
tory is  becoming  so  enormous  that  we  can  no  longer  rest  satisfied 
with  antiquated  opinions  or  be  governed  by  laws  long  known  to  be 
obsolete ;  and  the  engineering  profession,  in  the  very  near  future, 
will  provide  a  way  to  secure  to  mankind  the  benefits  which  nature 
intended  should  be  imparted  through  the  medium  of  the  greatest 
drain  in  the  world,  in  like  manner  as  this  same  profession  has  un- 
locked nature's  storehouse  of  coal,  iron  and  other  commodities  now 
so  necessary  for  our  existence. 

Referring  to  Major  Richardson's  discussion,  I  must  content 
myself  with  referring  to  only  the  last  two  paragraphs,  as  the  in- 
troduction of  Mark  Twain  as  a  competent  river  expert,  and  quot- 
ing him  as  an  authority,  places  the  subject  beyond  my  ability  to 
discuss  it. 

Considering  the  intense  moment  of  the  subject  under  discus- 
sion, the  immense  interests  involved  and  the  prominent  position 
occupied  by  Major  Richardson,  together  with  his  favorably  known 
characteristics,  and  the  extent  of  his  experience,  I  am  greatly  sur- 
prised that  he  should  choose  to  consider  the  matter  in  so  careless 
a  light  and  treat  it  with  so  much  irony  and  levity. 

^lajor  Richardson,  in  concluding  his  discussion,  makes  a  state- 
ment which  is  entitled  to  be  classed  as  famous,  which  in  substance 
is  that  the  elevations  for  grade  of  levees,  as  fixed  by  Humphreys 
and  Abbot  forty  years  ago,  was  practically  approved  and  adopted 
by  the  commission  in  1874,  and  by  the  Mississippi  River  Com- 
mission, that  no  flood  had  come  within  i  foot  of  some  mysterious 
grade  fixed  by  the  Mississippi  River  Commission  at  Carrollton,  and 
that  only  one  flood  has  reached  the  mark  set  by  Humphreys  and 
Abbot,  forty  years  ago. 

Referring  to  page  441  of  Humphreys  and  Abbot's  report,  we 
find  the  following,  relative  to  proper  heights  for  levees : 

"To  secure  this  end  in  the  most  economical  manner,  the  oper- 
ations of  this  survey  indicate  that  levees  should  be  constructed. 
Near  the  mouth  of  the  Ohio,  they  should  be  made  about  3  feet 
above  the  actual  high-water  level  of  1858     .     .     .     Between  that 
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locality  and  Baton  Roug-e.  it  should  be  kept  uniformly  about  4  feet, 
and  below  Baton  Rouge  about  3  feet.  If  the  water-mark  of  1858  be 
unknown  at  any  locality,  it  may  be  reduced  to  any  well-determined 
local  mark  by  the  table  in  Chapter  II  ...  It  should  be  re- 
marked that  these  heights  are  based  upon  the  supposition  of  abso- 
lute security." 

Now  understand,  clearly,  that  these  heights  refer  to  the  top 
of  levee  above  the  surface  of  the  high  w^ater  of  1858,  to  provide 
''absolute  security"  against  inundation.  The  elevation  of  the  high 
water  at  Cairo  in  1858  was  49.56  feet  and  the  top  of  levees,  as 
recommended,  52.56  feet.  The  high  water  of  February,  1883,  was 
52.17  feet,  which  made  the  top  of  levees  as  recommended  by 
Humphreys  and  Abbot  only  6  inches  out  of  the  water.  The  surface 
of  the  high  water  at  Carrollton  in  1858  was  15.1  feet,  and  the  top 
of  levees,  as  recommended,  18. i  feet.  The  high  water  of  1897  was 
19.17  foot,  or  1.07  foot  above  the  top  of  such  levee. 

Supplementing  with  facts  from  recent  history,  I  would  state 
that,  succeeding  the  high  water  of  1874,  the  City  Council,  who  then 
had  charge  of  the  levees  throughout  this  city,  fixed  the  elevation 
of  the  top  of  levees  3  feet  above  the  high  water  of  1874,  or  at 
18.7  feet.  In  1890  Major  B.  M.  Harrod,  member  of  the  Missis- 
sippi River  Commission,  then  city  engineer  and  consulting  engineer 
of  the  Orleans  Levee  Board,  fixed  a  grade  for  the  construction 
of  wharves  and  landings  along  the  city  front  at  18.6  feet,  and  no 
doubt  recommended  that  this  elevation  would  satisfy  all  future 
needs.  wSucceeding  the  flood  of  1897,  the  Orleans  Levee  Board 
fixed  the  grade  of  levees  throughout  the  Parish  of  Orleans,  ex- 
cepting the  commercial  front,  at  4  feet  above  the  high  water  of 
1897,  or  at  22.17  fsst  at  Carrollton,  which  is  5.07  feet  higher  than 
the  elevation  of  the  top  of  levee  as  fixed  by  Humphreys  and  Abbot, 
forty  years  ago. 

Referring  to  the  concluding  paragraph  of  Major  Richardson's 
discussion,  wherein  he  expresses  satisfaction  with  the  deductions 
and  conclusions  of  the  investigation  made  by  Humphreys  and 
Al)bott,  forty  years  ago,  and  those  of  the  Mississippi  River  Com- 
mission, I  can  but  express  my  astonishment,  considering  the  ex- 
perience of  the  past  ten  years,  that  an  engineer  of  his  attainment 
and  his  experience  would  be  satisfied  with  any  past  conclusions,  and 
that  he  is  not  among  the  first  to  advocate  measures  looking  toward 
relieving  a  people  who  have  the  record  of  being  the  highest  taxed 
and  the  poorest  protected  of  any  people  in  America,  and  whose 
ability  to  exist  is  accounted  for  only  by  the  enormous  fertility  of 
the  countrv. 
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That  the  engineering  profession  makes  not  only  wealthy  indi- 
viduals, corporations  and  nations  is  no  canard,  although  the  public 
fails  to  recognize  such  distinction ;  and  this  fact  has  been  very 
gracefully  presented  to  the  world  by  the  address  of  Past  President 
\\'allace  at  the  meeting  of  the  American  Society  of  Civil  Engineers 
at  London,  England,  in  July,  1900,  as  also  by  Past  President  Malo- 
chee  of  the  Louisville  Engineering  Society.  With  such  a  merited 
honor,  and  with  such  responsibilities,  can  the  profession  allow^  the 
Mississippi  River  to  be  continually  menacing,  with  disaster  and 
destruction,  a  most  valuable  country,  wdiich  is  susceptible  of  extra- 
ordinary growth,  resulting  in  great  wealth,  and  is  it  not  incumbent 
on  the  Louisiana  Engineering  Society,  whose  members,  owing  to 
their  location,  are  most  in  touch  with  the  interests  to  be  served,  to 
inaugurate  and  pursue  a  vigorous  and  unbending  policy  until 
success  is  achieved,  and  thus  maintain  the  prestige  of  the  profes- 
sion, receive  the  encomium  of  a  grateful  people  and  secure  the  satis- 
faction of  having  accomplished  that  which  well  served  our  time 
and  generation? 
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OBITUARY. 


David  Walker  Hardeiibrook. 


IMeMBER,     JNIOXTANA     SoCIETY    OF     ENGINEERS. 


In  the  death  of  David  Walker  Hardenbrook,  the  Montana 
Society  of  Engineers  lost  a  member  of  whom  it  may  be  said  that 
he  was  truly  a  product  of  Montana,  as  he  was  born  in  the  town 
of  Deer  Lodge,  on  March  i,  1869,  and  received  his  education  and 
spent  the  greater  part  of  his  life  within  the  boundaries  of  the 
State.  Most  of  his  earlier  years  were  spent  upon  the  ranch,  and 
his  education  necessarily  started  in  the  country  school-house. 

In  1885  he  began  the  preparatory  course  in  the  College  of 
Montana,  at  Deer  Lodge,  Mont.  He  entered  the  freshman  year 
of  the  course  in  mining  engineering  in  the  fall  of  1887,  and  received 
liis  degree  in  June,  1892. 

He  began  his  life's  work  under  Mr.  F.  W.  C.  Whyte,  a  mem- 
ber of  this  Society,  and  at  that  time  chief  engineer  of  the  Butte, 
Anaconda  and  Pacific  Railway,  then  in  process  of  construction. 
His  service  with  this  company  extended  through  many  of  the 
branches  of  the  work.  He  was  draftsman  in  the  chief  engineer's 
olBce  for  some  time,  and  later  he  took  up  the  field  work  in  various 
iDranches  as  topographer,  level-man,  transit-man  and  finally  as  engi- 
neer in  charge  of  construction. 

Three  years  were  spent  in  the  employ  of  this  company,  and 
the  following  two  years  in  miscellaneous  engineering  work 
throughout  the  State,  mostly  in  public  land  surveying  under  Mr. 
H.  B.  Davis,  of  Deer  Lodge,  and  .later  with  Messrs.  Sizer  &  Keerl, 
of  Helena. 

Later  he  became  associated  with  Mr.  Chester  B.  Davis,  the 
eminent  hydraulic  engineer,  during  the  time  that  gentleman  was 
gathering  data  concerning  the  water  supply  in  the  vicinity  of 
Anaconda,  Mont. 

About  this  time,  during  the  summer  of  the  year  1897,  he 
was  asked  to  go  to  Mexico,  as  assistant  engineer  for  the  Ameri- 
can Mining  Company,  at  El  Oro,  under  a  contract  for  two  years, 
and  his  acceptance  of  this  invitation  marked  a  turning  point  in  his 
life,  as  the  hardships  he  there  endured  laid  the  foundation  for  the 
disease  which  finally  resulted  in  his  death. 

He  took  up  his  work  in  Mexico  under  trying  conditions, 
being  jnit  in  charge  of  a  party  on  railroad  location,  all  of  whom 
were  native  peons,  and  only  one  of  whom  could  speak  English 
and  had  been  on  work  of  that  kind  before. 

The  fact  that  Mr.  Hardenbrook  did  not  know  a  word  of 
Spanish  was  also  against  him.  but  he  went  at  the  job  with  de- 
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termination;  and  with  the  aid  of  the  assistant  whom  1  have  men- 
tioned, he  mastered  a  Httle  Spanish  and  successfully  carried  on 
his  work. 

About  this  time  he  was  stricken  with  tvphoid  fever  and  spent 
two  months  in  a  hospital  in  the  City  of  Mexico. 

Upon  his  recovery  he  returned  to  his  work,  l)ut  in  a  short 
time  was  obliged  to  go  into  the  hospital  again,  owing  to  a  throat 
trouble,  probjably  an  after-effect  of  his  first  illness. 

Two  months  were  spent  in  an  effort  to  get  well,  and  though 
he  worked  the  balance  of  his  time,  his  health  was  much  broken. 

His  two  years  being  up,  he  rettn^ned  to  Montana  in  June, 
1899,  coming  by  way  of  Vera  Cruz,  sailing  thence  to  Havana, 
Cuba,  and  on  to  New  York,  and  retttrning  thence  by  rail  to 
Montana,  visiting  many  of  the  larger  cities  on  the  way. 

He  became  an  employe  of  Messrs.  Harper  &  Macdonald,  civil 
and  mining  engineers,  at  Butte,  Mont.,  and  later  was  with  the 
Montana  Ore  Purchasing  Company,  in  the  engineering  department. 

He  finally  accepted  a  position  under  Mr.  F.  S.  Jones,  chief 
engineer,  B.  A.  &  P.  Ry.,  as  resident  engineer,  located  at  Ana- 
conda, Mont.  His  health  was  failing  rapidly  at  this  time,  and 
after  a  few  months  in  this  last  position  he  was  compelled  ta 
resign,  and  upon  the  advice  of  friends  went  to  California  in 
search  of  renewal  of  his  former  vigor  and  strength.  But  it  was 
not  to  be,  and,  after  lingering  some  time,  he  passed  away  011 
February  24,  1901. 

David  Walker  Hardenbrook  was  somewhat  backward  in  his 
demeanor,  and  perhaps  slow  in  gathering  friends,  but  he  never 
lost  a  friend  once  made. 

As  a  tribute  to  his  worth  as  a  man,  and  to  his  ability  as  an 
engineer,  Mr.  1*'.  S.  Sizer,  the  President  of  this  Society,  at  present 
sojourning  in  Mexico  recently  writes  :  "I  have  just  learned 
of  the  death  of  Walker  Hardenbrook  and  wish  to  join  yoit  and 
other  friends  in  mourning  his  loss,  I  know  that  those  mem- 
bers of  our  Society  wdio  enjoyed  his  personal  ac(|uaintance  will 
feel  as  I  do,  that  the  highest  tribute  of  praise  to  his  character 
and  life  cannot  do  more  than  simple  justice  to  his  worth.  He  was 
singularly  upright  and  honest  and  of  more  than  average  ability, 
being  especially  adaptable  to  difficult  conditions  as  they  arose  in  his 
professional  work.  During  one  summer,  I  think  about  six  years 
ago,  he  was  in  my  employ,  and  a  more  faithful  assistant  I  never 
knew.  Since  then  I  have  come  in  contact  with  him  in  Butte,  and 
predicted  for  bin-;  a  notable  career.'' 
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Kiii»inoors'  Club  of  St.  Louis. 


528TH  ^Meeting,  June  5,  1901. — Held  at  1600  Locust  street;  Vice-Presi- 
dent Kinealy  presiding. 

Attendance,  twenty-four  members  and  ten  visitors. 

Upon  motion  being  duly  carried,  the  reading  of  the  minutes  of  the  527th 
meeting  was  dispensed  with,  as  the  same  had  been  printed  and  circulated 
among  the  members. 

The  doings  of  the  311th  meeting  of  the  executive  committee  were  re- 
ported. 

The  application  for  membership  of  ^Ir.  John  I.  Boggs  was  read.  Messrs. 
Hans  C.  Toensfeldt  and  Arthur  Tappan  North  were  elected  to  membership. 

The  subject  of  the  evening  was  a  paper  by  Mr.  A.  H.  Blaisdell,  entitled 
"The  Western  River  Steamboat." 

Mr.  Blaisdell  exhibited  about  fifty  lantern  slides  prepared  by  himself 
from  photographs  of  boats  and  drawings,  detailed  some  tests  of  steamboat 
performances,  illustrated  the  path  of  the  paddle  wheel  and  its  slip,  gave  ex- 
amples of  speed  calculations  and  outlined  the  method  of  designing  a  steel 
hull,  with  calculations  of  stability,  strength,  etc. 

The  discussion  was  participated  in  by  Messrs.  Flad,  Bryan  and  others. 

Adjourned  to  library  room  where  justice  was  done  to  a  light  lunch  pro- 
vided by  the  entertainment  committee. 

Adjourned  until  September  18,  when  Mr.  J.  A.  Ockerson  will  present  a 
paper  entitled  "The  Mississippi  River :  Physical  Characteristics  and  Methods 
of  Improvement." 

W.  G.  Brenneke,  Sccretarv. 


Technical  Society  of  the  Pacific  Coast. 


Regul.ar  Meeting,  June  7,  1901. — Called  to  order  at  8.30  p.m.  by  the 
President,  Prof.  C.  D.  Marx. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Harry  A.  Noble,  with  Board  of  Public  Works,  San  Francisco,  who 
had  been  proposed  at  the  last  meeting  by  F.  C.  Herrmann,  Hermann  Kower, 
C.  E.  Grunsky  and  Luther  Wagoner,  was  declared  duly  elected  a  resident 
member  of  the  Society  upon  count  of  ballots. 

The  proposition  of  Mr.  James  Spiers,  Jr.,  to  become  a  member,  indorsed 
by  Luther  Wagoner,  C.  D.  Marx.  E.  F.  Haas  and  Adolf  Lietz,  was  ordered 
to  ballot,  it  having  been  duly  approved  by  the  Board  of  Directors. 
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Engineers'  Chib  of  St.  Louis. 


516TH  Meeting,  December  5,  1900. — The  meeting  was  called  to  order  at 
8  o'clock ;  with  President  Chaplin  in  the  chair.  Thirty-five  members  and  six 
visitors  were  present.  The  minutes  of  the  SiSth  meeting  were  read  and  ap- 
proved. The  minutes  of  the  300th  meeting  of  the  Executive  Committee  were 
read. 

The  applications  for  membership  of  Messrs.  Wilbur  Hayes  Thompson 
and  George  Dyer  Johnson  were  presented  to  the  Club. 

The  annual  reports  of  the  Executive  Committee  and  Secretary  were 
read,  and  on  motions  duly  seconded  were  received  and  filed.  The  Treas- 
urer's report  was  read  and  referred  to  the  Executive  Committee.  The  report 
of  the  Board  of  Managers  was  received  and  filed.  It  contained  detailed 
statistics  of  the  Association  of  Engineering  Societies  prepared  by  the  Gen- 
eral Secretary,  Mr.  John  C.  Trautwine,  Jr.  The  local  board  recommended  the 
adoption  of  resolutions  by  which  it  might  be  possible  to  secure  advertise- 
ments for  the  Journal  of  the  Association  of  Engineering  Societies,  and  in 
this  way  increase  the  general  fund  of  the  Club.  The  commission":  for  securing 
such  advertisements  were  to  be  paid  from  the  general  fund  as  provided  for  in 
the  plans  submitted  by  the  Board  of  Managers.  Upon  being  amended  the 
resolutions  were  duly  seconded  and  carried.  The  amendment  provides  that 
after  the  plan  devised  by  the  local  Board  of  Managers  is  submitted  to  the 
Executive  Committee  for  approval  and  passed,  it  be  also  presented  to  the 
Club  for  final  action. 

The  report  of  the  Entertainment  Committee  was  received  and  filed. 

The  Librarian's  report  was  read  and  filed.  The  library  during  the  past 
year  had  received  considerable  attention,  a  large  number  of  books  having 
been  added  and  a  most  convenient  card-index  system  adopted. 

It  was  moved  and  seconded,  and  the  motion  carried,  that  the  arrange- 
ments for  the  annual  dinner  be  left  to  the  Executive  Committee. 

The  Nominating  Committee  made  its  report  with  the  following  nomina- 
tions : 

For  President — E.  J,  Spencer. 

For  Vice-President — J.  Pitzman. 

For  Secretary — William  G.  Brenneke. 
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For  Treasurer — George  I.  Bouton. 

Librarian — J.  L.  Van  Ornum. 

Directors— A.  H.  Blaisdell,  E.  E.  Wall. 

Board  of  Managers — W.  A.  Layman,  S.  E.  Freeman. 

Additional  nominations  were  made  for  office  of  Vice-President, — viz, 
William  Bouton  and  J.  H.  Kinealy. 

Mr.  William  Bouton  read  a  short  paper  on  the  "Probable  Error  per  Tape 
Length  in  Surveyor's  Field  Work."  A  discussion  was  given  of  the  errors 
arising  from  measurements  in  surveyors'  field  work,  a  distinction  being  made 
between  the  error  per  tape  length  and  that  per  unit  length.  The  discussion 
was  participated  in  by  Messrs.  Pitzman,  J.  L.  Van  Ornum,  B.  H.  Colby, 
Robert  Moore  and  E.  A.  Hermann. 

Adjourned  to  adjoining  room,  where  a  light  lunch  was  served. 

F.  E.  Bausch,  Secretary. 

517TH  Meeting,  December  19,  igoo. — The  annual  dinner  of  the  Club  was 
held  at  the  St.  Nicholas  Hotel  at  7.30  p.m.  ;  with  President  W.  S.  Chaplin  in 
the  chair  at  the  head  of  the  table.  Thirty-nine  members  and  one  visitor  were 
present.  After  the  dinner  was  over  the  result  of  the  letter  ballot  for  officers 
for  the  new  year  was  announced  as  follows : 

President — E.  J.  Spencer. 

Vice-President — No  election ;  none  of  the  three  candidates  receiving  a 
majority. 

Secretary — William  G.  Brenneke. 

Treasurer — George  I.  Bouton. 

Directors— A.  H.  Blaisdell,  E.  E.  Wall. 

Members  of  Board  of  Managers — W.  A.  Layman,  S.  E.  Freeman. 

As  Mr.  Pitzman  requested  the  withdrawal  of  his  name  as  candidate  for 
election  to  Vice-Presidency,  the  contest  for  office  lay  between  the  two  re- 
maining nominees.  A  new  ballot  was  taken,  resulting  in  the  election  of 
J.  H.  Kinealy. 

Mr.  Chaplin,  as  retiring  oresident,  offered  some  timely  suggestions. 
The  engineer,  due  to  his  superior  education,  should  take  a  greater  interest  in 
the  guidance  of  public  affairs.  He  should  be  regarded  as  authority  on  all 
matters  pertaining  to  public  improvements. 

Mr.  Chaplin  surrendered  the  chair  to  Mr.  E.  J.  Spencer,  who  presided 
the  rest  of  the  evening.  Mr.  Spencer  alluded  to  the  high  character  of  the 
Engineers'  Club,  and  its  important  work  in  general. 

Mr.  A.  L.  Johnson  spoke  on  "What  Are  We  Here  For?"  He  was  of  the 
opinion  that  the  Club  as  a  unit  might  exert  its  influence  on  subjects  of  public 
importance.  In  reply  to  this,  one  of  the  members  referred  to  the  action  of 
the  Club  on  the  filtration  question,  the  results  of  which  are  fresh  in  the  minds 
of  all  Club  members. 

Mr.  Robert  E.  McMath  spoke  on  "Little  Given,  but  Much  Required." 
He  alluded  to  the  great  work  of  city  improvements  carried  on  with  practi- 
cally no  funds  at  hand.  His  remarks  were  of  great  interest,  as  they  dealt 
with  home  institutions. 

In  the  absence  of  Mr.  H.  H.  Humphrey,  who  was  sick,  the  Chair  in- 
vited Prof.  F.  Spalding,  of  the  State  University,  Columbia,  Mo.,  to  make  a 
few  remarks.  He  spoke  on  the  "practical  and  impractical"  side  of  engineer- 
ing. Reference  was  made  to  the  advantages  of  belonging  to  an  engineers' 
club,  where  the  practical  ideas  of  engineers  are  discussed. 
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Prof.  J.  L.  Van  Ormiin  spoke  entertainingly  on  "Solar  Walks  of  Engi- 
neering." 

Following  the  above,  short  speeches  were  made  by  Messrs.  Nipher  and 
Ockerson. 

A  motion  was  made  and  duly  carried  that  a  vote  of  thanks  be  tendered 
the  past  officers.     A  unanimous  vote  was  cast,  members  rising. 

Meeting  adjourned. 

F.  E.  Bausch,  Secretary. 

518TH  Meeting. — Held  at  1600  Lucas  Place,  January  2,  1901,  8.15  p.m.; 
Col.  E.  J.  Spencer  presiding.  Twenty-two  members  and  seven  visitors  were 
present. 

The  Secretary  reported  the  minutes  of  tlie  Si6th  and  517th  meetings 
were  not  ready  for  presentation  to  the  Club,  and  requested  that  reading  of 
them  be  postponed  until  the  next  meeting.     The  request  was  granted. 

Minutes  of  the  301st  and  302d  meetings  of  the  Executive  Committee 
were  read,  but  no  action  was  taken  upon  them,  as  they  had  not  been  approved 
by  the  Executive  Committee. 

The  following  candidates  for  membership  were  balloted  on  and  declared 
unanimously  elected,  viz :  Wilbur  Hayes  Thompson,  George  Dyer  Johnson. 

The  application  for  membership  of  Edward  C.  Dicke  and  William  C. 
Zelle  w^ere  read  and  referred  to  the  Executive  Committee. 

A  communication  was  read  announcing  the  death,  on  May  29,  1900,  of 
Mr.  A.  J.  Sypher,  non-resident  member,  of  Millerstown,  Pa. 

The  announced  subject  for  the  evening  was  a  paper  by  Prof.  J.  L.  Van 
Ornum,  on  "Purification  of  Sewage  by  the  Septic  Process." 

As  the  Club  was  honored  by  the  presence  of  Prof.  Emery  S.  Johnson, 
Professor  of  Commerce  and  Transportation,  University  of  Pennsylvania, 
and  member  of  the  United  States  Isthmian  Canal  Commission,  a  departure 
from  the  announced  subject  of  the  evening  was  made,  and  Professor  Johnson 
was  invited  to  speak  on  the  work  of  the  Isthmian  Canal  Commission.  The 
speaker  is  chairman  of  the  committee  appointed  to  investigate  the  commercial 
features  of  the  Isthmian  Canal,  but  did  not  discuss  those  features,  his  re- 
marks being  limited  to  the  engineering  problems  only.  The  speaker's  talk 
was  informal,  but  he  presented  in  a  quite  brief  but  very  instructive  and  en- 
tertaining manner  the  results  of  the  work  of  the  commission  in  investigating 
the  subjects  of  the  construction  of  the  Isthmian  Canal,  by  and  under  the  con- 
trol of  the  United  States  Government,  across  Central  America. 

The  speaker  began  with  a  short  historical  review  of  previous  investiga- 
tions and  attempts  at  a  solution  of  the  problem,  and  then  explained  that  three 
routes  had  received  the  chief  study  of  the  commission : 

(1)  A  possible  route  across  the  Isthmus  of  Darien. 

(2)  The  route  through  the  State  of  Panama,  traversing  Lake  Bohio, 
recommended  and  adopted  by  the  French,  and 

(3)  The  route  through  the  States  of  Nicaragua  and  Costa  Rica,  travers- 
ing Lake  Nicaragua,  and  known  as  the  Nicaragua  route. 

From  the  purely  engineering  standpoint,  the  Darien  route  seemed  in- 
ferior to  both  others,  owing  to  the  fact  that  in  order  to  construct  a  tide  level 
canal  a  great  tunnel  would  have  to  be  constructed,  and  for  a  high  level  canal  it 
did  not  lend  itself  as  readily  as  the  other  routes.  The  commission  considered 
a  tunnel  in  a  canal  more  objectionable  than  one  or  more  locks. 
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Of  the  remaining  two  routes,  the  Panama  seemed  the  more  practicable 
as  regards  engineering  features,  but  the  undesirability  of  the  concessions  it 
was  considered  possible  to  secure  led  the  commission  to  recommend  the 
Nicaragua  route. 

The  latter  route  will  require  the  construction  of  a  large  masonry  dam 
across  the  San  Juan  River,  the  construction  of  a  harbor  at  each  end  of  the 
canal,  the  building  of  a  number  of  miles  of  artificial  canal  and  the  improve- 
ment of  existing  waterways.  The  controlling  factor  in  the  time  required  to 
construct  the  canal  is  the  construction  of  the  dam.  It  has  been  estimated 
this  would  require  about  eight  years'  time  (possibly  only  six),  and  that  the 
entire  canal  could  be  finished  in  this  time  without  unnecessary  duplication  of 
plant. 

The  estimated  cost  of  the  canal  is  about  $200,000,000. 

A  discussion  then  followed,  bringing  out  a  number  of  interesting  points. 
The  discussion  was  participated  in  by  Messrs.  Pitzman,  Bryan,  Colby  and 
Grimm. 

The  President,  on  behalf  of  the  Club,  then  thanked  Professor  Johnson 
for  his  very  interesting  talk. 

The  Chair  then  asked  the  late  Committee  on  Entertainment  to  provide 
a  lunch  for  the  next  meeting. 

Adjourned  at  10  p.m.  W.  G.  Brenneke,  Secretary. 


519TH  Meeting  January  16,  1901. — Held  at  1600  Lucas  Place,  8.30  p.m.  ; 
President  Spencer  presiding. 

Minutes  of  the  516th,  517th  and  518th  meetings  were  read  and  were  ap- 
proved with  corrections. 

Minutes  of  the  301st,  302d  and  303d  meetings  of  the  Executive  Committee 
were  read. 

The  Secretary,  who  had  been  appointed  by  the  Executive  Committee  to 
act  in  conjunction  with  the  Treasurer,  in  auditing  the  accounts  of  the  re- 
tiring Treasurer,  reported  the  accounts  correct. 

The  Committee  on  Annual  Dinner  reported  a  deficit  of  $18,  and  motion 
was  carried  to  appropriate  this  amount  from  the  Club's  funds  to  cancel  the 
indebtedness. 

Notice  was  given  that  those  members  desiring  the  report  of  the  Nicaragua 
Canal  Commission  (not  the  Isthmian  Canal  Commission)  could  obtain  the 
same  by  communicating  with  Rear-Admiral  Walker,  Washington,  D.  C. 

Letters  were  read  from  the  President  of  the  fociety  of  Civil  Engineers 
of  France  to  the  President,  and  to  Mr.  J.  A.  Ockerson,  the  Club's  representa- 
tive at  the  convention  of  the  French  Society  last  summer.  These  letters  con- 
veyed an  expression  of  sympathy  and  an  assurance  of  the  continuation  of  the 
friendly  relations  now  existing  between  the  two  societies. 

A  pamphlet  containing  the  reports  of  the  receptions  given  by  the  French 
Society  during  the  period  of  the  Paris  Exposition  of  1900,  in  which  the  Club's 
delegate,  Mr.  Ockerson,  participated,  was  received. 

Mr.  Ockerson  donated  to  the  Club  a  book  on  the  manufacture  and  use  of 
cements,  which  is  a  prospectus  of  the  "Societe  Ginirala  et  Unique  des  Ciments 
de  la  Porte     e  France." 

The  death  of  Mr.  J.  M.  Desloge  on  September  17,  1900,  was  announced. 

Mr.  Edward  C.  Dicke  and  Mr.  William  C.  Zelle  were  unanimously 
elected  to  membership. 
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The  subject  of  the  evening  was  a  paper  by  Prof.  J.  L.  Van  Ornum,  en- 
titled "The  Purification  of  Sewage  by  the  Septic  Process."  Professor  Van 
Ornum  first  reviewed  the  development  of  the  septic  process,  in  practice  and 
in  theory,  and  then  discussed  the  problems  needing  further  study  and  how 
such  investigations  might  be  made.  He  considered  the  system  beyond  the 
experimental  stage  and  that  it  had  been  thoroughly  tried  and  proven  a  suc- 
cess. The  author  expected  that  as  the  application  of  established  principles 
is  perfected  and  further  investigations  are  made  its  efficiency  will  become 
still  greater  and  its  field  of  application  be  extended. 

Discussion  of  the  paper  was  participated  in  by  Messrs.  Russell  and  A.  L» 
Johnson. 

The  Chair  asked  for  report  from  the  Committee  on  Monument  to  James 
B.  Eads.  Mr.  Ockerson  reported  that  as  far  as  he  knew  no  meeting  had  been 
held  by  the  committee  during  the  past  year. 

There  was  no  report  from  the  Committee  on  Smoke  Prevention,  all  of 
the  members  of  that  committee  being  absent. 

The  Chair  announced  the  appointment  of  the  following  Entertainment 
Committee:     H.  H.  Humphrey,  Chairman;  D.  W.  Roper,  W.  H.  Reeves. 

Adjourned  to  another  room,  where  lunch  was  served. 

W.  G.  Brenneke,  Secretary. 


Engineers'  Society  of  Western  New  York. 


Regular  Meeting,  January  2,  1901. — Meeting  called  to  order  by  the 
President  at  8.30  p.m.  The  following  members  present:  Messrs.  Haven,  Nor- 
ton, Vanderhoek,  Knapp,  Roberts,  C.  F.  Morse  and  Weston ;  also  visitor  H.  C 
Booz. 

The  minutes  of  the  last  regular  meeting  were  approved  as  printed. 

The  President  said,  "By  your  ballots  you  have  elected,  as  members,  Jasper 
S.  Youngs,  John  T.  Herron,  John  J.  Clahan,  Charles  S.  Boardman,  Henry 
Clark,  Harry  Bartlett  Alverson,  Frank  L.  Bapst,  and  as  associates,  Emmett 
W.  Huntington,  Charles  Mosier,  Louis  Marburg."  Applications  for  member- 
ship from  David  A.  Decrow  and  Horace  C.  Booz  as  members,  James  Frank- 
lin, George  E.  Marsh,  Mathew  S.  Gardiner  and  Raymond  J.  Ryan  as  juniors, 
Samuel  J.  Dark,  Albert  William  Caines  and  William  Franklin,  Jr.,  as  asso- 
ciates, were  received,  approved  and  ordered  to  letter  ballot. 

A  letter  from  Mr.  T.  Guilford  Smith,  Director  of  the  Society  since  its 
organization,  relating  to  fuller  information  being  necessary  on  letter  ballots 
was  read,  and  the  attention  of  all  Committees  on  Membership  was  called  to 
the  matter,  and  they  were  requested  to  see  to  it  that  fuller  information  was 
given  in  the  applications. 

The  President  called  the  attention  of  the  Society  to  the  necessity  of  the 
members  attending  the  meetings  and  talking  on  subjects  of  current  interest 
relating  to  their  professions  in  Western  New  York.  He  remarked  that  it 
made  no  difference  what  measures  should  be  adopted  by  the  Executive  Board 
or  the  officers  so  long  as  the  members  did  not  appear  at  the  meetings  and 
talk  on  these  subjects,  and  that  many  engineers  are  disappointed  that  their 
profession  is  not  recognized  as  a  force  in  the  community  the  same  as  the 
lawyers  and  other  professional  men,  but  this  is  very  much  owing  to  them- 
selves in  that  they  keep   their  knowledge   hid   under  their  own  craniums. 
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Until  they  come  to  the  meetings  and  talk  on  subjects  of  current  interest  to 
the  public  of  Western  New  York,  and  have  such  discussions  published,  they 
cannot  expect  to  be  recognized  as  having  any  knowledge  of  value  to  the 
public.  During  the  last  six  months  two  docks  have  failed  from  overloading, 
in  both  cases  involving  loss  of  human  life,  and  yet  not  one  word  has  appeared 
in  the  public  newspapers  from  the  engineers  of  Buflfalo  in  regard  to  the 
cause  of  these  disasters,  nor  any  suggestion  that  they  know  how  to  construct 
a  proper  dock.  Attention  was  called  to  several  other  public  works  about 
which  the  members  of  this  Society  have  been  silent. 

On  motion  of  Mr.  Vanderhoek,  seconded  by  Mr.  Norton,  it  was  voted 
that  the  President  and  the  Executive  Board  be  authorized  to  appoint  com- 
mittees to  furnish  topics  for  discussion  on  any  subject  that  may  be  sug- 
gested. 

The  President  then  asked  the  members  present  to  suggest  topics,  and  the 
names  of  the  men  for  such  committees.  The  President  then  appointed  com- 
mittees of  the  Society  as  follows : 

Past-President  George  A.  Ricker,  on  Docks. 

John  T.  Herron,  on  Gas. 

Thomas  W.  Wilson,  on  Modern  Street  Railroads. 

Edward  B.  Guthrie,  on  the  Engineering  Exhibit  at  the  Paris  Exposition. 

Major  Thomas  W.  Symons,  on  Niagara  River  Regulation. 

George  H.  Norton,  on  Buffalo  River  Cut-offs. 

The  President  was  requested  to  write  to  several  other  gentlemen  not  now 
members  of  the  Society,  asking  them  to  address  the  Society  on  several  sub- 
jects,— namely,  "Concrete  Construction,"  "Goat  Island  Bridge,"  "Engineer- 
ing Features  of  the  Steel  Plant." 

Meeting  adjourned  at  lo  p.m.  G.  C.  Diehl,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  January  4,  1901. — Called  to  o.  der  at  8.30  p.m.  by 
Vice-President  Falkenau,  who  announced  officially  the  death  of  the  honored 
President  of  the  Society,  Mr.  George  W.  Percy,  and  in  a  few  words  spoke 
of  the  many  virtues  of  the  man  who  for  the  past  two  years  had  been  the  head 
of  the  organization,  and  whose  sudden  loss  came  as  a  great  shock  to  those 
who  had  been  constantly  in  contact  with  him. 

The  members  rose  in  honor  to  the  memory  of  the  late  President. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved.  The 
following  gentlemen  were  elected  to  membership  in  the  Society,  having  re- 
ceived the  requisite  number  of  votes :  Members,  Norman  B.  Livermore, 
civil  engineer,  San  Francisco;  Harris  D.  Connick,  civil  engineer,  San  Fran- 
cisco; John  J.  Hollister,  civil  engineer,  Santa  Barbara;  Charles  M.  Kurtz, 
civil  engineer,  San  Francisco ;  Perry  F.  Brown,  civil  engineer,  San  Fran- 
cisco. 

The  Nominating  Committee,  through  its  Chairman,  Mr.  C.  E.  Grunsky, 
made  a  report,  placing  in  nomination  the  following  members  to  fill  the  offices 
of  the  Society  for  the  year  1901 : 

For  President — Prof.  C.  D.  Marx. 

For  Vice-President — D.  C.  Henny. 

For  Secretary — Otto  von  Geldern. 
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For  Treasurer — Edward  T.  Schild. 

For  Directors — Edward  F.  Haas,  Samuel  C.  Irving,  Adolf  Lietz.  Paul 
W.  Prutzman,  Luther  Wagoner. 

The  report  was  ordered  received,  and  the  Secretary  instructed  to  prepare 
the  ballots  for  the  annual  election,  to  be  held  January  18,  the  Cliair  ap- 
pointing as  tellers  for  the  occasion  Charles  M.  Kurtz  and  Perry  F.  Brown. 

A  memoir  in  honor  of  the  late  President  G.  W.  Percy  was  read  by  Mr. 
G.  A.  Wright,  who  had  been  appointed  for  this  duty  by  the  Vice-President 
at  the  previous  directors'  meeting. 

The  memoir  was  ordered  received  and  spread  in  full  upon  the  minutes  • 
also  to  be  published  in  the  Journal  of  the  Association,  with  an  additional 
number  of  extra  copies  to  be  printed  for  the  family  and  friends  of  the  de- 
ceased. 

Major  Charles  E.  L.  B.  Davis  read  a  paper  in  discussion  of  the  subject 
placed  before  the  Society  at  the  meeting  of  December  by  Mr.  George  W. 
Dickie,  entitled  "The  Need  of  Education  of  the  Judgment  in  Dealing  with 
Technical  Matters." 

Major  Davis's  statements  led  to  further  discussion  of  the  interesting 
subject,  which  was  participated  in  by  Messrs.  Vischer,  Wright,  Wagoner  and 
others. 

Adjourned.  Otto  von  Geldern,  Secretary. 


Directors'  Meeting,  January  26,  1901. — Called  to  order  at  4  p.m.  by 
President  Marx.  Present,  Directors  Marx,  Prutzman,  Lietz,  Schild  and  von 
Geldern. 

The  Chair  appointed  the  following  Committees:  Executive — Messrs. 
Wagoner,  Prutzman  and  Haas.  Finance — Messrs.  Lietz,  Irving  and  Schild. 
Members  on  the  Board  of  Management,  Associaticn  of  Engineering  So- 
cieties— D.  C.  Henny  and  Otto  von  Geldern. 

After  approving  the  proposition  of  the  Secretary  to  invite  Mr.  Charles 
Burckhalter  to  deliver  an  address  before  the  Society  on  his  results  of  photo- 
graphing the  solar  corona  at  Siloam,  in  May,  1900,  the  meeting  adjourned. 

Otto  von  Geldern,  Secretary. 


Engineers'  Club  of  Cincinnati. 


13TH  Annual  Meeting,  Cincinnati,  Ohio.  December  20,  1900. — Dinner 
was  served  at  6.30  p.m.  The  regular  meeting  was  called  to  order  at  8  p.m.; 
President  Punshon  in  the  chair.     Twenty  members  present. 

Minutes  of  the  meeting  of  November  15  were  read  and  approved. 

Applications  for  membership  were  presented  as  follows: 

Guy  M.  Gest,  general  contractor,  90  Perin  Building,  Cincinnati,  for  as- 
sociate membership. 

R.  J.  Bevenish,  assistant  engineer,  Board  of  Trustees,  Commissioners  of 
Water  Works,  California,  for  active  membership. 

John  P.  Brooks,  Professor  of  Civil  Engineering,  State  College  of  Ken- 
tucky, Lexington,  Ky.,  for  active  membership. 

On  ballot  being  taken  Mr.  James  C.  Hobart  was  elected  an  active  member. 

The  letter  from  Professor  Diemer,  presented  at  the  last  meeting,  in  refer- 
ence to  the  establishment  of  a  Department  of  Mechanical  Engineering  at  the 
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University  of  Cincinnati,  was  taken  up,  and  after  some  discussion  was  re- 
ferred to  Messrs.  Bogen  and  Baldwin  for  report  as  to  the  advisability  of  the 
Club  taking  any  action  in  the  mattter. 

The  reports  of  the  Secretary  and  Treasurer  for  the  year  1900  were  pre- 
sented, ordered  received  and  filed  and  printed,  together  with  a  revised  list 
of  members  for  distribution. 

The  report  of  the  Secretary  shows  that  the  attendance  has  fallen  off 
from  18  in  1899  to  16.3  in  1900;  that  the  membership  has  also  fallen  off  from 
97  at  the  end  of  1899  to  88  at  the  end  of  1900.  There  were  5  new  members 
elected  during  the  year,  i  death,  9  resignations  and  4  members  dropped  for 
non-payment  of  dues. 

The  Treasurer's  report  shows  receipts  amounting  to  $662.50,  disburse- 
ments $614.85  and  a  balance  on  hand  of  $343.60. 

Officers  for  the  year  1901  were  elected  as  follows : 

President — William  C.  Jewett 

Vice-President — Louis  E.  Bogen. 

Directors — A.  O.  Elzner,  C.  N.  Miller,  H.  E.  Warrington. 

Secretary  and  Treasurer — J.  F.  Wilson. 

The  following  question  was  found  in  the  question  box :  "What  do  you 
consider  the  maximum  resistance  per  square  foot  for  ordinary  clay  soils  such 
as  are  found  in  the  vicinity  of  Cincinnati,  when  designing  foundations  for 
bridges  and  buildings?     Why?" 

This  was  discussed  at  some  length,  it  being  the  general  opinion  that 
while  the  soils  at  different  localities  would  sustain  different  weights,  one 
to  two  tons  was  about  right,  although  in  cases  more  than  that  had  been  al- 
lowed. 

Upon  the  newly-elected  President  taking  the  chair  the  retiring  Presi- 
dent read  the  paper  for  the  evening,  as  has  been  the  custom,  taking  for  his 
topic  the  question  of  parks  for  Cincinnati,  which  he  treated  in  a  very  able 
manner. 

On  motion,  the  Club  adjourned  after  extending  to  the  retiring  President 
a  vote  of  thanks  for  his  paper,  and  for  the  interest  and  work  in  behalf  of  the 
Qub  during  the  past  year. 

J.  F.  Wilson,  Secretary. 


Louisiana  Engineering'  Society. 


New^  Orleans,  January  12,  1901. — The  annual  meeting  of  the  Louisiana 
Engineering  Society  was  called  to  order  this  date  at  8  o'clock  p.m.  by  Presi- 
dent Malochee;  twenty-five  members  and  four  guests  being  present. 

The  minutes  of  the  meeting,  held  December  10,  and  the  adjourned  meet- 
ing, held  December  17,  were  read  and  approved.  Also,  the  minutes  of  the 
Board  of  Directors'  meetings  held  on  December  29,  January  5  and  January 
IS,  respectively,  were  read  for  the  information  of  the  members  present. 

The  annual  report  of  the  Board  of  Direction  transmitting  the  reports  of 
the  Secretary,  Treasurer  and  the  three  standing  committe.-'s  was  read  and  ap- 
proved. 

A  communication  from  Mr.  John  P.  Coffin,  Vice-President  of  the  South- 
ern Industrial  Association,  was  read,  which  invited  the  Louisiana  Engineering 
Society  to  join  the  association  as  a  corporation.  This  was  indorsed  by  the 
Board  of  Direction  with  the  recommendation  that  the  Society  join  said  In- 
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dustrial  Association.  The  communication  was  received,  and  it  was  decided 
by  vote  that  the  Society  would  join,  and  the  Secretary  was  instructed  to  issue 
warrant  for  $io,  being  the  amount  required  for  the  annual  dues. 

The  ballots  for  officers  of  the  Society  for  the  year  1901  were  opened; 
Messrs.  Duval,  Wright  and  Lombard  being  appointed  by  the  President  as 
tellers.  After  a  short  recess,  during  which  the  votes  were  being  counted,  the 
Chair  announced  that  fifty-one  votes  were  cast,  and  the  following  gentlemen 
were  elected  to  the  several  offices : 

President— F.  M.  Kerr. 

Vice-President — J.  F.  Coleman. 

Secretary — John  F.  Richardson. 

Treasurer — Walter  H.  Hoffman. 

Director — Alfred  Raymond. 

Member  Board  of  Administrators  of  the  Association  of  Engineering  So- 
cieties— H.  J.  Malochee. 

An  able  and  eloquent  address  was  then  delivered  by  Mr.  H.  J.  Malochee, 
the  retiring  President.  His  subject  was  a  review  of  the  important  office 
the  modern  engineer  is  performing  in  the  economy  of  the  world,  and  the 
duties  and  the  importance  of  the  position  occupied  by  the  engineering  societies 
as  factors  in  keeping  up  and  raising  the  code  of  professional  ethics  among 
engineers. 

A  vote  of  hearty  thanks  for  the  preparation  of  his  masterly  paper  and  for 
the  conscientious  and  successful  manner  in  which  he  and  his  brother  officers 
had  conducted  the  affairs  of  the  Society  during  the  past  year  was  given  to  Mr. 
Malochee. 

Mr.  F.  M.  Kerr,  the  new  President,  was  installed  in  the  chair,  and  made  a 
brief  speech  of  acceptance. 

It  was  announced  that  the  next  regular  meeting  would  be  held  on  Mon- 
day, February  11. 

The  meeting  adjourned  at  10.05  P-M. 

Gervais  Lombard,  Secretary. 
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Engineers'  Club  of  St.  Louis. 


520TH  Meeting,  February  6,  1901. — Held  at  1600  Lucas  Place,  8.30 
P.M.;  President  Spencer  presiding.  Thirty  members  and  fourteen  visitors 
were  present. 

Minutes  of  the  519th  meeting  were  read  and  approved. 

IMinutes  of  the  314th  meeting  of  the  Executive  Committee  were  read. 

The  applications  for  membership  of  Messrs.  W.  H.  Henby  and  Truman 
M.  Post  were  read. 

President  Spencer  presented  a  draft  of  an  "Act  prohibiting  the  dis- 
charge of  dense  black  smoke  from  any  premises  within  the  limits  of  all 
cities  of  the  State  of  Missouri  having  a  population  of  three  hundred  thousand 
inhabitants."  This,  together  with  a  memorial  to  the  General  Assembly,  was 
offered  by  the  Chairman  of  the  Committee  on  Smoke  Prevention,  with  the 
suggestion  that  the  members  of  the  Club  sign  the  same. 

Upon  discussion,  it  developed  that  Mr.  Moore,  Chairman  of  the  Smoke 
Prevention  Committee,  preferred  to  have  the  memorial  signed  in  the 
name  of  the  Club  by  its  officers.  Upon  motion  made  and  duly  seconded,  it 
was  ordered  that  the  President  sign  and  the  Secretary  attest  the  memorial. 

Mr.  D.  W.  Roper,  who  had  taken  up  matter  of  repairing  lantern,  re- 
ported that  same  had  been  repaired  and  the  lantern  was  in  shape  to  ex- 
hibit, although  it  was  far  from  perfect. 

Motion  made  and  carried,  the  Chairman  appointed  conunittee  of  three 
to  report  to  the  Club  on  lantern,  stating  what  steps  must  be  taken  to 
secure  a  lantern  which  will  give  the  best  results.  The  committee  ap- 
pointed was  Mr.  Flad,  Chairman,  Mr.  Roper  and  Mr.  Maltby.  This  com- 
mittee was  also  ordered  to  look  up  the  matter  of  obtaining  a  good  reading 
lamp  for  service  in  the  meeting  room. 

The  subject  for  the  evening  was  an  informal  address  by  Mr.  Arthur 
Thacher,  president  of  the  Central  Lead  Company  and  the  Renault  Lead 
Company,  on  "Lead  Mines  in  Missouri."  The  speaker  discussed,  in  a 
very  interesting  manner,  but  in  a  general  way  only,  the  geological  features 
of  the  three  lead  districts  of  this  State,  taking  up  separately  the  Southwest 
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Missouri  district,  the  Central  Missouri  district  and  the   Southeast  Missouri 
district. 

Particular  attention  was  given  to  the  mines  of  the  latter  district,  as 
they  produce  by  far  the  greater  proportion  of  the  lead  of  the  State.  The 
speaker  explained,  in  a  brief  but  clear  and  interesting  manner,  the  various 
steps  followed  in  the  production  of  lead  in  this  district,  beginning  with 
prospecting  for  the  mineral  and  following  the  movement  of  the  rock  in 
its  course  through  the  mill,  whose  product  is  the  concentrate ;  then 
following  the  concentrate  through  the  roasters  and  smelters,  ending  with 
the  purified  pigs  of  lead.  A  number  of  interesting  views  of  mining  prop- 
erties and  specimens  of  ore-bearing  rock  were  shown.  The  speaker  ex- 
tended a  very  cordial  invitation  to  all  members  to  visit  the  mines  of  the 
Central  Lead  Company  in  order  to  better  acquaint  themselves  with  the 
nature  of  the  very  valuable  and  extensive  lead  deposits  in  this  district. 

Discussion  was  participated  in  by  Mr.  C.  G.  Reel  and  others. 

The  Chair  announced  as  the  subject  of  the  paper  for  the  next  meeting^ 
February  20,  "A  Historical  Description  of  the  Bridges  over  the  Missis- 
sippi," illustrated  by  lantern  slides,  by  Mr.  F.  B.  Maltby. 

It  was  decided  that  this  meeting  be  an  open  one,  and  that  members 
be  requested  to  bring  their  friends,  and  make  special  effort  to  have  a  large 
attendance  of  ladies. 

Adjourned  to  an  adjoining  room,  where  lunch  was  served. 

W.  G.  Brenneke,  Secretary. 


521ST  Meeting,  St.  Louis,  February  20,  1901. — Held  at  1600  Lucas 
Place,  8.15  P.M.;  President  Spencer  presiding. 

Thirty-six  members  and  eighteen  visitors,  including  ladies,  were  present. 

As  the  minutes  of  the  520th  meeting  had  been  printed  on  the  announce- 
ment circular,  and  mailed  to  each  member  of  the  Club,  it  was  moved  and 
seconded  that  the  reading  of  these  minutes  be  dispensed  with,  and  that  they 
stand  approved  as  printed. 

The  minutes  of  the  3iSth  meeting  of  the  Executive  Committee  were  read. 

The  application  for  membership  of  Mr.  Louis  Bendit  was  read  and  re- 
ferred to  the  Executive  Committee. 

President  Spencer  announced  that  as  there  had  been  no  meeting  of  the 
Executive  Committee  this  week,  no  action  had  been  taken  on  the  applica- 
tions for  membership  of  Messrs.  W.  H.  Henby  and  T.  M.  Post,  but  their  ap- 
plications would  be  considered  at  the  next  meeting. 

Mr.  Flad,  Chairman  of  the  Committee  on  Lantern,  reported  that  the 
committee  had  selected  a  new  lantern  on  trial  and  that  the  lantern  selected 
would  be  used  in  illustrating  the  paper  of  the  evening.  Its  cost  is  between 
$17  and  $18,  and  the  cost  of  operating  it  is  about  11  cents  an  hour.  A  new 
reading  lamp  was  also  provided. 

The  subject  of  the  evening  was  a  paper  by  Mr.  F.  B.  Maltby,  entitled  "A 
Historical  Description  of  the  Bridges  over  the  Mississippi  River."  Taking 
the  bridges  in  the  order  of  their  occurrence,  from  the  falls  of  Saint  Anthony 
down  the  river,  the  speaker  gave  a  description  of  each  bridge,  stating  the 
authority  for  building,  the  general  dimensions  of  all  spans  and  approaches, 
the  types  of  trusses,  the  classes  of  material  in  piers  and  superstructures  and 
such  other  prominent  points  as  were  worthy  of  mention.  The  speaker  made 
no  attempt  to  go  into  engineering  details,  but  confined  his  paper  to  a  brief 
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statement  of  facts  of  general  information.  The  paper  was  completely  illus- 
trated by  lantern  slides,  views  of  nearly  every  bridge  on  the  river  being 
shown. 

As  there  was  no  discussion  after  the  completion  of  the  paper,  adjourn- 
ment was  made  to  the  library  rooms,  where  the  Entertainment  Committee 
had  made  special  arrangements  to  serve  a  light  lunch. 

E.  B.  Fay,  Secretary  pro  tern. 


Boston  Society  of  Civil  EngiiuMTs. 


Janu.-\rv  23.  1901.— A  regular  meeting  of  the  Boston  Society  of  Civil 
Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  Boston,  at  7.50 
o'clock  P.M.;  President  Alexis  H.  French  in  the  chair;  one  hundred  and 
forty-two  members  and  visitors  present,  including  ladies. 

On  motion  of  Mr.  Rowland,  the  reading  of  the  record  of  the  last  meet- 
ing was  postponed  until  the  next  meeting. 

On  motion  of  Mr.  F.  O.  Whitney,  it  was  voted  that  the  Chairman  be  re- 
quested to  appoint  a  committee  of  three  to  report  to  the  meeting  the  names 
of  five  members  to  serve  as  committee  to  nominate  officers.  The  Chairman 
appointed  Messrs.  F.  O.  Whitney,  H.  D.  Woods  and  C.  T.  Main  as  the  com- 
mittee. Later  in  the  meeting  this  committee  reported,  as  a  Nominating  Com- 
mittee, Messrs.  F.  W.  Hodgdon,  Dwight  Porter,  Henry  Manley,  R.  S.  Hale 
and  C.  R.  Cutter,  and  they  were  chosen  by  the  Society  as  its  committee  to 
nominate  officers  for  the  ensuing  year. 

On  motion  of  Mr.  Sherman,  the  thanks  of  the  Society  were  voted  to  the 
Derby  Desk  Company  for  courtesies  shown  the  members  on  the  occasion  of 
the  visit  to  its  manufactory  this  afternoon. 

On  motion,  Mr.  Henry  Manley  was  appointed  a  committee  to  make  ar- 
rangements for  the  annual  dinner,  and  it  was  voted  to  make  the  usual  ap- 
propriation for  the  incidental  expense  of  the  same. 

Mr.  Manley  called  attention  to  the  death  of  Queen  Victoria,  which 
occurred  since  our  last  meeting,  and  told  of  the  very  gracious  manner  in 
which  she  received  the  American  engineers  on  the  occasion  of  their  visit  to 
Windsor  Castle  last  June.     In  concluding  he  offered  the  following  resolution : 

Resolved,  That  this  meeting  desires  to  give  expression  to  its  feelings  of 
sorrow  and  its  sense  of  loss  in  the  recent  death  of  Queen  Victoria ;  that  it  de- 
sires to  do  honor  to  her  memory,  remembering  that  amidst  the  multitude  of 
events  of  the  first  importance  in  the  world's  history  which  have  transpired 
during  her  long  reign,  she  has  always  been  quick  to  acknowledge  the  ser- 
vices of  modern  engineering,  and  to  honor  its  representatives. 

The  resolution  was  adopted  by  a  unanimous  vote. 

The  literary  exercises  consisted  of  an  entirely  informal,  but  very  inter- 
esting and  instructive,  talk  by  Dr.  Desmond  FitzGerald,  describing  the 
palaces  on  the  Grand  Canal  in  Venice.  The  talk  was  very  fully  illustrated 
by  lantern  views. 

Adjourned.  S.  E.  Tinkh.\m,  Secretary. 

February  20,  1901. — A  regular  meeting  of  the  Boston  Society  of  Civil 
Engineers  was  held  at  Chipman  Hall.  Tremont  Temple,  Boston,  at  7.50 
o'clock  P.M.;  Vice-President  F.  W.  Hodgdon  in  the  chair;  seventy-six  mem- 
bers and  visitors  present. 
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The  records  of  the  December  and  January  meetings  were  read  and  ap- 
proved. 

Mr.  Fred.  Rufus  Davis  was  elected  a  member  of  the  Society. 

On  motion  of  Mr.  Brooks,  the  thanks  of  the  Society  were  voted  to  the 
United  States  Steel  Company  for  courtesies  extended  this  afternoon  to  the 
members  of  the  Society  who  visited  its  works  at  West  Everett. 

Mr.  Caleb  Mills  Saville  read  the  paper  of  the  evening,  entitled,  "Sub- 
merged Pipe  Crossings  on  the  Metropolitan  Water  Works."  The  paper  was 
illustrated  by  numerous  lantern  views  of  the  work.  At  the  conclusion  of  the 
short  discussion  which  followed  the  reading  of  the  paper,  Mr.  Dexter  Brackett 
had  thrown  on  the  screen  a  number  of  views  of  some  of  the  recent  work  of 
the  Metropolitan  Water  Board. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Eng-iueers'  Club  of  Cincinnati. 


I20TH  Regular  Meeting,  Cincinnati,  Ohio,  January  17,  1901. — Dinner 
was  served  at  6.30  p.m. 

The  regular  meeting  was  called  to  order  at  8  p.m.  ;  with  Vice-President 
Bogen  in  the  chair. 

There  were  twenty-one  members  present:  Messrs.  Bert.  L.  Baldwin, 
Ward  Baldwin,  Bogen,  Carlisle,  Carpenter,  Coney,  Elzner,  Fritsch,  Gordon, 
Gray,  Hauck,  Hobart,  Innes,  Kittredge,  Nicholson,  Osborn,  Punshon,  Read, 
Warrington,  Rabbe  and  Wilson. 

There  was  also  present,  by  invitation,  M.  Philippe  Bauna-Varilla,  the 
French  engineer,  who  was  for  several  years  connected  with  the  construction 
of  the  Panama  Canal,  and  who  came  to  this  city  on  invitation  of  the  Com- 
mercial Club,  before  which  organization  he  appeared  last  evening  and  spoke 
on  the  subject  of  the  various  proposed  routes  for  an  isthmian  water  con- 
nection  between   the  Atlantic  and   Pacific   Oceans. 

The  regular  business  was,  on  motion,  waived,  and  the  reading  of  the 
paper  for  the  evening,  by  Mr.  A.  L.  Hauck,  on  the  subject  "Economies  and 
Economical  Appliances  Used  in  the  Manufacture  of  Coal  Gas,"  proceeded 
with,  after  which  M.  Bauna-Varilla  favored  the  Club  with  a  very  interesting 
talk  on  the  relative  merits,  advantages  and  feasibility  of  the  Panama  and 
Nicaragua  routes  for  a  ship  canal,  his  comparison  showing  the  former  to  be 
the  better. 

A  vote  of  thanks  was  tendered  him  for  his  interesting  and  timely  lecture, 

and  also  to  Mr.  Hauck  for  his  paper. 

On  motion,  the  Club  adjourned. 

J.  F.  Wilson,  Secretary. 


Civil  Engineers'  Society  of  St.  Paul. 


Regular  Monthly  Meeting,  February  4,  1901. — Deferred  election 
of  ofificers  for  ensuing  year  resulted  in  the  election  of: 
President— A.  O.  Powell,  Asst.  Eng.  U.  S. 
Vice-President— A.  W.  Munster,  Bridge  Eng.  C.  G.  W.  Ry. 
Secretary — G.  S.  Edmondstone,  City  Bridge  Engineer. 
Treasurer — A.  H.  Hogeland,  Res.  Eng.  G.  N.  Ry. 
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Librarian — C.  A.  Winslow,  City  Eng.'s  office,  St.  Paul. 

Representative  on  Board  of  Managers  for  Association  of  Engineering 
Societies— Geo.  L.  Wilson,  Asst.  City  Eng.,  St.  Paul. 

Percy  E.  Barber  and  Otto  Luserkc  were  elected  members.  The 
Secretary's  report  was  read  and  placed  on  file.  The  Treasurer's  report 
showed  the  Society  to  be  free  from  debt,  and  a  comfortable  figure  upon 
the  credit  side  of  ledger. 

Constitution  and  By-laws  amended  changing  meeting  night  from  first 
to  second  Monday  in  each  and  every  month. 

Mr.  H.  J.  Gillie,  Superintendent  Edison  Electric  Light  Company,  de- 
-cribed  terminal  station  within  the  limits  of  the  city  of  St.  Paul  of  the  electric 
current  generated  of  power  house  at  St.  Croix  River  Power  Company  at 
dam    upon    Apple    River.     Afterward    members   personally    inspected   the 

terminal  station.     Adjourned. 

G.  S.  Edmondstone,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


Regul.-\r  Meeting,  February  i,  1901. — Called  to  order  at  8.30  p.m.  by 
President  Marx. 

The  reading  of  the  minutes  dispensed  with  by  order  of  the  Chair. 

Mr.  Charles  Burckhalter  addressed  the  Society  on  the  subject  of 
photographing  the  solar  corona  by  the  aid  of  a  rotating  comma-shaped 
disk  attached  to  a  slide,  invented  by  the  lecturer,  by  which  certain  unequal 
exposures  are  obtained  to  suit  the  degree  of  brightness  of  the  field  to  be 
photographed.  Mr.  Burckhalter  exhibited,  by  means  of  lantern  slides,  a 
number  of  beautiful  results  of  his  observations  of  the  last  solar  eclipse 
at  Siloam,  Ga.,  in  May,  1900,  and  explained  at  length  the  mechanism  that 
had  made  it  possible  to  achieve  these  remarkable  results  in  astronomical 
photography. 

A  vote  of  thanks  was  passed  for  the  author,  expressing  the  apprecia- 
tion of  the  Society.     Adjourned. 

Otto  von  Geldern,  Secretary. 


Eiijjineers'  Society  of  Western  New  York. 


Regul.-vr  Meeting,  February  5,  1901. — Meeting  called  to  order  at 
8  i'..\i.;  the  President  being  in  the  chair.  The  following  members  present: 
Messrs.  Haven,  Diehl,  Tutton,  Knapp,  Knighton,  Speyer,  Norton,  C.  ^L 
Morse,  Geo.  F.  Morse,  Sikes,  Weston,  Ricker,  Kiclland,  Buttolpli  and  Bab- 
cock. 

It  was  voted  that  the  minutes  of  the  last  regular  meeting  be  approved 
as  printed. 

The  Executive  Board  reported  that  they  had  considered  the  matter  of 
rent.  At  the  meeting  just  after  the  annual  meeting  a  Conunittee  on 
Rooms  was  appointed  to  consider  the  matter  of  rooms,  and  they  have 
reported  that  they  think  we  had  better  stay  where  we  are.  Since  then  notice 
has  been  received  that  after  the  first  of  May  the  rent  of  the  room  in  Ellicott 
Square  will  be  increased  15  per  cent.  Mr.  Norton,  Vice-President,  was  ap- 
pointed a  committee  of  one  to  further  consider  the  matter,  in  order  to  find  out 
what  we  had  better  do  after  the  first  of  next  May. 


i6  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  Executive  Board  also  reported  that  the  Society  had  received 
applications  from  the  following  gentlemen:  Edvi^ard  Dennison  Hooker 
and  Stanley  W.  Hayes  as  members,  and  Leslie  J.  Bennett  and  Warren 
Rodney  as  associates.  The  applications  were  taken  up  separately,  and 
on  motion  it  was  voted  that  they  be  referred  to  letter  ballot. 

The  Executive  Board  also  reported  that  this  Society  had  elected  the 
following  gentlemen:  Horace  Corey  Booz  and  David  Augustus  Decrow 
as  members,  James  Franklin  and  Mathew  S.  Gardiner  as  juniors  and 
Albert  W.  Caines,  Samuel  J.  Dark  and  William  Franklin,  Jr.,  as  associates. 

The  President. — The  Executive  Board  sent  a  marked  copy  of  the 
printed  minutes  to  the  gentlemen  who  were  appointed  as  committees  to 
read  papers  before  the  Society,  and  to  several  other  gentlemen,  and  have 
receive  replies  as  follows: 

From  Mr.  S.  W.  Hayes,  who  was  requested  to  read  a  paper  on  "The 
Proper  Construction  of  Docks,"  asking  to  be  relieved  until  after  the  com- 
ing summer. 

From  Mr.  C.  D.  Watson,  who  said,  on  account  of  assignment  to  work 
in  the  South,  he  would  be  unable  to  read  a  paper  at  present. 

From  Mr.  David  Cuthbertson,  who  stated  that  he  would  be  pleased 
to  read  a  paper  on  "The  Workings  of  the  Weather  Bureau"  at  the 
meeting  of  the  Society  in  March. 

From  Mr.  C.  R.  Neher,  who  said  he  would  read  a  paper  on  "Concrete 
Construction"  at  the  March  meeting. 

The  Librarian  made  a  brief  report. 

Mr.  Ricker,  who  had  been  appointed  by  the  President  as  a  committee 
of  one  on  Docks,  addressed  the  Society  as  follows: 

Mr.  President  and  Gentlemen. — All  of  you  will  perhaps  remember 
the  collapse  of  the  two  ore  docks  in  Buffalo, — one  at  the  Union  Furnaces, 
the  other  belonging  to  the  West  Shore  Railroad  Company.  I  am  now 
rebuilding  the  Furnace  Company's  dock,  and  will  tell  you  what  I  am 
doing,  but  before  outlining  the  plan,  for  the  information  of  those  who  are 
not  familiar  with  the  conditions,  will  explain  the  failure  as  far  as  I  can. 
At  the  foot  of  Hamburg  street,  on  the  east  bank  of  the  river,  are  located 
the  furnaces  of  the  Union  Furnace  Company,  a  combination  of  the  three 
old  companies.  Here  was  built  a  pile  and  timber  dock  of  the  ordinary  type 
of  construction,  and  back  of  this  dock  was  stored  a  great  many  tons  of 
ore.  A  Brown  hoist  was  erected  on  the  dock,  and  the  ore  carried  back 
on  a  traveler  and  dropped,  but  no  part  resting  on  the  timber  structure 
itself.  Immediately  back  of  the  dock  was  a  car  track.  The  piles  for  a 
distance  of  50  feet  back  were  pretty  staunchly  anchored  with  2-inch 
tie  rods,  the  rods  being  looped  over  a  rail,  which  was  coupled  up  with 
fish  plates  in  front  of  the  inner  row  of  piles,  so  that  the  dock  was  pretty 
well  tied  in.  The  penetration  of  the  piles  was  from  4  to  5  feet  only,  and 
this  fact,  in  addition  to  the  nature  of  the  soil  itself,  was  the  cause  of  the 
dock  failing.  Of  course,  in  a  pile  and  timber  dock  there  is  little  resist- 
ing power  to  lateral  outthrust,  and  an  overload  of  ore  simply  pushed 
the  wiiole  dock  out.  After  its  failure  there  was  but  little  left  of  the  dock, 
as  the  whole  structure  moved  out  into  the  river  from  20  to  35  feet.  The 
tie  rods  being  fastened  in  near  the  top  the  footing  gave  way  before  the 
rods  broke.  Some  rods  snapped  off,  in  other  cases  pulled  through  the 
anchor  bolts,  and  many  piles  were  broken  off.  The  rock  underlying 
is  practically  level,  there  being  a  slight  dip  to  the  east,  so  that  what  in- 


PROCEEDINGS.  17 

clination  there  was  was  against  the  tliri'st  of  the  ore.  The  rock  is  per- 
fectly smootli  and  there  was  nothing  to  hold  the  feet  of  the  piles,  which 
slipped  along  as  naturally  as  could  be,  and  the  ore,  of  course,  went  to  the 
bottom.  It  was  afterward  dredged  out  with  a  clam  shell  dredge  and 
taken  back  and  stored  in  the  yard. 

With  a  dredge  the  old  piles  wore  drawn  out  and  the  earth  dredged 
back  30  feet  wide  down  to  the  rock.  We  are  putting  in  cribs  of  12  x 
12  hemlock  that  arc  26  feet  wide  with  two  bays  of  13  feet  each,  and  are 
loaded  with  slejuc.  The  cribs  reach  to  a  height  of  about  22  feet.  On 
the  top  and  front  of  these  cribs  it  is  proposed  to  form  a  concrete  facing 
of  truncated  triangular  form,  8  feet  on  the  bottom  and  about  4  feet  on 
top,  w'ith  the  slope  on  the  inner  side.  The  rock  filling  will  be  brought 
up  over  the  entire  width  of  the  crib  to  the  top  of  the  concrete.  The 
space  made  by  dredging  the  earth  at  the  natural  slope  back  of  the  cribs 
will  be  packed  full  of  slag,  so  that  a  large  part  of  the  treacherous  earth 
back  of  the  dock  will  be  replaced  by  this  slag  tilling,  and  so  much  of 
the  thrust  as  was  due  to  the  earth  will  be  taken  away  by  using  this  more 
substantial  material  for  back  filling.  The  new  dock  will  be  550  feet  long. 
That  portion  of  the  unharmed  pile  dock  immediately  south  of  the  cribs 
will  be  allowed  to  remain,  but  will  not  be  used  for  the  storage  of  ore. 

The  President. — Is  this  the  first  dock  or  wharf  that  has  been  built 
in  Buffalo  with  a  concrete  face? 

AIr.  Ricker. — So  far  as  I  know,  it  is.  In  regard  to  facing  the  con- 
crete, we  will  protect  this  from  bruising  by  oak  timber  waling  strips  and 
a  heavy  cap  of  same  material. 

Mr.  Diehl. — The  underlying  rock  is  level? 

Mr.  Ricker. — Almost  level.  At  the  south  end  of  the  dock  the  water 
is  24  feet  deep,  at  the  north  end  it  is  probably  not  over  18  feet, — possibly 
19  feet. 

Mr.  Diehl.^ — How  was  the  width  of  the  crib  determined — what 
formula  did  you  use? 

Mr.  Ricker. — The  usual  formulas  for  retaining  walls.  My  sole  ob- 
ject was,  of  course,  to  get  enough  stone  in  the  cribs  to  resist  the  thrust 
of  the  ore  piles  that  would  be  imposed  on  the  earth  immediately  back 
of  the  dock.  And  as  a  further  precaution  against  possible  movement 
of  the  cribs  we  shall  bore  into  the  rock  and  drop  car  axles  into  these 
holes  vertically,  each  hole  being  3  feet  deep,  the  axles  6  feet  long. 

Mr.  Kielland. — How  deep  is  the  water  in  front  of  the  cribs? 

Mr.  Ricker. — Eighteen  feet. 

Mr.  Sike.s. — Was  there  any  floor  under  the  ore  piles? 

Mr.  Ricker. — Yes.  Plank  laid  on  sleepers  on  the  ground.  \\'hen 
we  considered  the  cost  of  a  pile  and  timber  dock,  we  found  that  the  piles 
must  be  5  feet  centers,  and  the  caps  would  have  to  be  30  inches  deep,  and 
a  corresponding  floor  system. 

Mr.  Norton. — I  am  somewhat  acquainted  with  the  geology  of  that 
section,  having  taken  soundings  for  the  rock  dredging  which  the  city  has 
done  from  Ohio  to  Hamburg  streets  recently.  The  rock  is  worn  smooth 
by  glacial  action,  showing  scratches,  being  mainly  very  smooth.  Imme- 
diately above  this  is  a  layer  of  hard  pan,  containing  much  of  the  bed 
rock  in  various  sized  fragments.  I  believe  it  to  consist  largely  of  the 
broken  and  pulverized  underlying  rock.  It  was  found  difficult  to  drive 
steel  rods  through  a  few  feet  of  this  to  determine  the  depth  of  the  rock. 
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I  should  like  to  ask  Mr.  Ricker  if  he  removes  this  hard  pan  with  a  dredge 
so  as  to  place  the  cribs  on  the  rock?  And,  also,  if  he  thinks  that  the  piles 
of  the  dock  which  failed  were  driven  into  this  hard  pan  or  through  it? 
I  hardly  think  it  possible  to  drive  an  unshod  pile  through  it. 

Mr.  Ricker. — I  think  it  extremely  doubtful  if  the  original  piles  pene- 
trated this  hard  pan,  as  some  were  found  broken  at  the  point.  We  were 
able  to  remove  the  hard  pan  with  dredges. 

Mr.  Norton. — I  believe  this  formation  underlies  most  of  the  Bufifalo 
River  Valley.  It  is  found  near  its  mouth,  and  also  in  Cheektowaga.  In 
1890  I  sounded  the  rock  in  the  river  at  the  Watson  elevator.  Vessels 
grounded  on  what  appeared  to  be  rock  bottom.  A  few  drivings  showed 
rock  to  be  from  i  to  3  feet  below  bottom.  Borings  showed  this  layer  of 
hard  pan  which  the  smaller  dredges  then  in  use  were  unable  to  strip  off. 
Mr.  Stewart,  who  is  building  the  sub-structure  for  the  D.  L.  and  W.  R.  R. 
swing  bridge  on  Water  street  over  the  Evans  Slip,  told  me  he  expected 
to  found  the  concrete  abutments  on  rock.  I  told  him  it  was  doubtful  if 
the  dredge  he  had  would  remove  the  hard  pan.  He  has  since  told  me  that 
it  was  not  removed,  but  the  concrete  laid  on  top  of  the  two  feet  of  hard 
pan  overlying  the  rock.  I  do  not  know  whether  they  found  it  impossible 
to  do  so,  or  considered  it  as  good  as  the  concrete  with  which  it  would 
be  replaced.  At  the  high  points  of  the  bed  rock  the  hard  pan  is  often 
missing.  In  making  some  sketch  plans  for  excursion  docks,  when  the 
matter  was  recently  under  discussion,  I  provided  for  a  construction 
quite  similar  to  that  used  by  Mr.  Ricker  at  the  furnace  dock. 

The  President. — Mr.  Speyer,  you  found  tile  same  formation  at  Clin- 
ton street,  did  you  not? 

Mr.  Speyer. — Yes,  sir.  Also  at  Smith-Seneca  streets.  There  was 
about  3  feet  of  this  hard  pan  on  top  of  the  rock. 

The  President. — On  which  the  retaining  walls  now  rest? 

Mr.  Speyer. — Yes,  sir. 

Mr.  Sikes. — The  same  formation  was  found  under  the  U.  S.  Break- 
water. 

Mr.  Kiell.'\nd. — ^When  we  built  the  coal  trestle  at  Cheektowaga  for 
the  Lehigh  Valley  Railroad  we  stripped  about  an  acre  of  the  rock,  which 
showed  the  same  glacial  markings,  and  the  boulders  which  must  have 
made  the  markings  on  the  rock.  The  rock  was  polished  in  many  places, 
and  can  be  seen  there  to-day.  We  found  the  same  formation  that  you 
find  everywhere  else.  In  some  places  we  found  the  hard  pan  overlying 
the  rock,  in  other  places  the  rock  was  clean.  The  hard  pan  was  from 
3  to  4  feet  thick,  and  filled  with  these  boulders. 

Mr.  Tutton. — I  would  like  to  extend  the  remarks,  which  may  be  of 
interest  to  some  of  the  members.  I  built  a  dock  south  of  the  Union  Iron 
Works.  We  drove  test  piles  from  80  to  90  feet  before  we  brought  up  on 
the  rock.  That  is,  we  think  we  brought  up  on  the  rock,  we  are  not 
positive.  There  seemed  to  be  an  estuary  running  through  South  Bufifalo, 
crossing  the  city  line  about  where  the  Abbott  road  crosses.  There 
seemed  to  be  gravel  at  about  25  to  30  feet.  This  we  passed  through  and 
drove  our  piles  20  or  30  feet  farther;  when  we  passed  through  this  our 
piles  dropped  through.  This  dock  was  designed  to  carry  from  200  to  400 
pounds  per  square  foot,  of  ordinary  construction.  As  near  as  I  can  re- 
member the  dock  was  40  feet  wide  on  top.  The  piles,  I  think,  were  71/2 
feet  centers.     The   dock  gave  way  in  a  different  manner  than  the  one 
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being  replaced  by  Mr.  Rickcr.  The  ore  sank  down  in  the  earth  and  the 
dock  was  lifted  in  the  air  10  or  12  feet.  This  dock  was  replaced  by  Mr. 
Kielland,  I  having  left  the  road  in  the  meanwhile. 

At  the  time  the  canals  were  cut  across  the  Tifft  farm  the  foremen  of 
the  dredges  ran  a  race  to  sec  which  could  take  out  the  most  material, 
and  1  think  they  cut  through  this  layer  of  hard  pan,  and  this  probably 
accounts  for  the  failure  of  this  dock. 

Mr.  Kielland. — I  was  Division  Engineer  of  the  Lehigh  when  this 
dock  failed.  A  Brown  hoist  was  constructed  on  the  dock,  resting  on  a 
pile  foundation.  The  ore  was  piled  from  25  to  30  feet  high,  the  toe  of  the 
pile  being  from  50  to  60  feet  from  the  front  of  the  dock.  Very  suddenly 
the  pile  of  ore  sank  and  the  dock  rose  in  the  air.  I  came  out  shortly 
after  the  accident.  We  took  soundings  in  front  of  the  dock  and  com- 
menced immediately  to  reconstruct  it.  We  cut  ofT  the  piles.  The  Brown 
hoist  was  in  good  shape,  only  the  joints  were  sprung.  We  cut  ofif  the 
piles  which  had  been  driven  out  of  shape  and  drove  other  ones.  We  got 
the  ore  out  and  placed  it  farther  back.  It  cost  but  little  to  repair  the  dock, 
and  it  is  in  use  to-day. 

Mr.  Geo.  F.  Morse,  Asst.  Engineer  L.  V.  R.  R.,  said  that  the  com- 
pany had  instructed  him  to  make  an  investigation  as  to  the  proper  load, 
etc.  He  had  investigated  the  matter  and  had  recommended  to  keep  the 
toe  of  ore  piles  70  (seventy)  feet  away  from  front  of  dock,  to  dump  the 
ore  in  conical  piles  and  not  in  ridges  or  to  limit  the  load  not  to  exceed 
more  than  1500  to  2000  pounds  per  square  foot  of  surface. 

Mr.  Ricker. — Do  you  suppose  the  ore  sank  down  to  this  layer  of  hard 
pan  and  rested  on  it? 

Mr.  Kielland. — I  think  it  did.  It  rested  in  a  pocket.  The  Lehigh 
has  the  biggest  dock  in  Buffalo,  and  they  have  not  done  anything  espe- 
cial to  construct  a  dock  to  care  for  this  ore.  The  only  precaution  is  to 
keep  ore  piles  far  enough  back  from  front  of  dock. 

Mr.  Ricker. — All  these  failures  seem  to  indicate  that  pile  docks  in 
this  soil  will  fail  with  a  load  of  about  1^/2  tons  to  the  foot,  about  the  load 
which  has  produced  the  failure  in  every  case. 

Mr.  Sixes. — This  hard  pan  shows  at  the  Ridge  road.  There  the  rock 
is  only  about  25  feet  below  the  surface,  at  Tifft  street  70  to  80  feet.  This 
hard  pan  is  about  18  feet  from  the  surface  at  the  city  line  and  31  feet  at 
Titift  street. 

Mr.  Tutton. — They  find  the  same  thing  at  the  steel  plant,  and  at 
Smokes  Creek. 

Mr.  Kielland. — I  want  to  tell  another  thing  in  regard  to  docks  on 
the  Tifft  farm.  The  Lackawanna  when  they  built  their  dock  only  drove 
their  piles  to  this  sand  or  hard  pan.  Just  south  of  the  Buffalo  Creek 
bridge  the  hard  pan  is  about  30  to  35  below  water.  This  dock  has  been 
loaded  very  heavily  as  a  rail  and  iron  dock.  It  has  kept  its  general  eleva- 
tion   well. 

The  President  thanked  Mr.  Ricker  in  behalf  of  the  Society  for  his  very 
interesting  talk  by  means  of  which  the  Society  has  had  a  most  instructive 
session. 

The  matter  of  sending  out  invitations  to  the  different  Societies  in 
North  and  South  America  was  taken  up,  and  on  motion  of  Mr.  Ricker, 
seconded  by  Mr.  Knapp,  it  was  unanimously  voted  that  the  subject  matter 
be  referred  to  the  Executive  Board  with  power. 

Meeting  adjourned  at  11  p.m.  G.  C.   Diehl,   Secretary. 
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AT  THE  FOLLOWING  RATES: 

Covers 
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An  extra  charge  will  be  made  for  printing  and  in- 
serting such  illustrations  as  are  not  printed  on  the  same 
pages  as  the  text,  and  for  enameled  paper,  when  this  is 
used,  but  it  is  of  course  impossible  to  name  rates  for 
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When  reprints  are  wanted,  notice  of  the  fact,  stat- 
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it  is  desired  that  the  reprint  shall  contain  the  discussion. 
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Proccediiij^s  of  the  Fourt«;entli  Annual  Meetinjj  Held  in 
Butte,  Montana,  January  1(>  to  12,  1*)01. 


•  The  fourteenth  annual  meeting  of  the  Montana  Society  of  Engineers  was 
held  in  Butte,  Mont.,  from  January  10  to  12,  1901.  On  the  evening  of  the 
loth  the  Society  held  a  "smoker"  in  their  headquarters,  Rooms  16  and  17, 
Tuttle  Building.  Light  refreshments  were  served  and  the  evening  was 
spent  in  a  very  enjoyable  social  gathering. 

January  11  was  devoted  to  visiting  points  of  engineering  interest  in  and 
about  Butte.  In  the  morning  the  party  met  at  the  Society  headquarters,  and 
made  a  trip  over  the  Butte  Street  Railway  to  Walkerville;  arriving  at  the 
new  reservoir  of  the  Butte  City  Water  Company,  they  were  escorted  by  the 
chief  engineer,  Mr.  Eugene  Carroll.  They  then  paid  a  visit  to  the  Mon- 
tana State  School  of  Mines,  where  they  were  welcomed  by  Prof.  N.  R. 
Leonard,  and  shown  the  many  points  of  interest  in  the  new  institution.  In 
the  afternoon  the  members  separated  into  smaller  parties  and  visited  the 
various  mines  and  smelters,  some  going  underground  to  view  the  riches  of 
mother  earth,  some  to  the  smelters  to  study  the  various  methods  of  treating 
ore,  and  others  to  inspect  the  splendid  machinery  of  the  various  hoisting 
plants  used  at  the  different  mines,  points  of  interest  in  which  Butte  can 
equal  if  not  excel  any  city  in  the  world. 

At  8.30  P.M.  Mr.  H.  V.  Winchell,  chief  geologist  for  the  Anaconda  Cop- 
per Mining  Company,  delivered  a  very  interesting  lecture,  illustrated  with 
stereopticon  views,  on  "The  Iron  Mines  of  Minnesota,"  in  the  Council 
Chamber  of  the  City  Hall. 

The  annual  business  meeting  was  held  at  the  Council  Chamber.  City  Hall, 
Butte.  Mont.,  January  12,  1901. 

The  meeting  was  called  to  order  at  10  o'clock  a.m.  by  the  President, 
Mr.  Blackford,  in  the  chair. 

The  Secretary  called  the  roll  of  members  present,  as  follows : 

Geo.  T.  Wickes,  F.  L.  Sizer,  R.  R.  Vail,  Albert  Koberle,  W.  J.  Flood, 
Eugene  Carroll,  B.   D.  Whitten,   S.   H.   Crookes,   W.   H.   Williams,  J.   H. 
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Harper,  R.  A.  McArthur,  Carlisle  Mason,  C.  W.  Goodale,  G.  W.  Tower,  Jr., 
C.  D.  Vail,  E.  C.  Kinney,  Wm.  Zaschke,  A.  W.  Catlin,  C.  H.  Bowman,  C.  H. 
Moore,  C.  W.  Paine,  N.  R.  Leonard,  Eugene  Sickles,  August  Christian  and 
C.  V.  Page. 

The  Secretary  read  the  minutes  of  the  meeting  held  December  8,  1900. 

The  minutes  were  approved  as  read. 

The  Secretary  presented  applications  for  membership  as  follows : 

Nathan  R.  Leonard,  President  of  the  Montana  State  School  of  Mines. 

Reno  H.  Sales,  assistant  engineer  for  the  Boston  and  Montana  Company, 
at  Butte. 

Charles  Warner  Paine,  engineer  in  charge  of  the  new  works  for  Butte 
City  Water  Company. 

Sam.  Edward  Davis,  head  surveyor  for  the  Boston  and  Montana  Com- 
pany, Butte. 

Rudolph  Joseph  Decker,  mechanical  engineer  of  the  Montana  Ore  Pur- 
chasing Company,  Butte. 

William  White,  architect,  Butte. 

Edgar  James  Strasburger,  civil  engineer,  Butte. 

Frederick  John  Rowlands,  salesman  of  mining  machinery,  Butte. 

Stephen  Pearl  Wright,  proprietor  of  the  Western  Mining  Supply  Com- 
pany, Butte. 

Charles  John  Adami,  mining  engineer  for  the  Butte  and  Boston  Mining 
Consolidated  Company. 

On  motion  of  Mr.  Sizer  the  applications  were  referred  to  the  Trustees, 

The  Secretary  presented  further  applications  as  follows,  which  were 
similarly  referred : 

Burt  Adams  Tower,  mining  engineer  with  the  Montana  Ore  Purchasing 
Company,  Butte. 

Alfred  Frank,  mining  engineer  with  the  Montana  Ore  Purchasing  Com- 
pany, Butte. 

Richard  Austin  Lacey,  engineer  with  the  Montana  Ore  Purchasing  Com- 
pany, Butte. 

Messrs.  Whitten  and  Koberle  and  Professor  Williams  were  appointed 
tellers  to  canvass  ballots  for  officers. 

The  Secretary  read  his  report,  as  follows,  which,  upon  motion,  was  or- 
dered filed: 

REPORT  OF  SECRETARY  AND  LIBRARIAN  FOR  THE  YEAR 
ENDING  JANUARY  12,  1901. 

Butte,  Mont.,  January  12,  igoi. 
To  the  President  and  Members  Montana  Society  of  Engineers. 

Gentlemen  : — I  beg  leave  to  submit  the  following  as  my  report  for  the 
year  ending  January  12,  1901 : 

Financial  Statement, 
receipts. 

Cash  in  Treasury,  January  13,  1900 $355.11 

Dues  collected 821.50 

From  sale  of  old  furniture  30.00 

Total  $1,206.61 
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DISBURSEMENTS. 

To  expense  13th  annual  meeting  $97-05 

To  Association  of  Engineering  Societies 222.95 

To  rent  of  headquarters  and  janitor's  services 261.00 

To  furnishing  of  headquarters  256.88 

To  printing  and  stationery,  including  250  copies  Constitution,  By- 
Laws,  etc 148.75 

To  Secretary's  salary 100.00 

To  stamps,  envelopes,  express  charges,  telegraphing,  hauling,  P.  O. 
box  and  sundries,  as  shown  in  vouchers  attached  to  Secretary's 

bills    46.59 

Total    $1,133.22 

Leaving  a  balance  on  hand  January  12,  1901 73-39 

$1,206.61 
All  the  bills  against  the  Society  have  been  paid  up  to  date  excepting  the 
bill  for  printing  the  proceedings  of  the  thirteenth  annual  meeting,  which  has 
been  held  pending  correction. 

MEMBERSHIP. 

The  following  table  shows  the  membership  of  the  Society  of  all  grades 
at  the  beginning  and  end  of  fiscal  year: 

Jan.  13,  1900.     Jan.  12,  1901. 

Honorary  members 4  4 

Active  members  117  no 

Associate  members  21  28 

During  the  year  one  member  resigned,  fourteen  members  were  dropped 
for  non-payment  of  dues  and  not  conforming  to  requirements  of  membership, 
and  seven  members,  through  removal  from  the  State,  were  removed  from 
active  to  associate  list.     Sixteen  new  members  were  elected  during  the  year. 

The  Society  lost  one  member  by  death  during  the  year,  the  same  being 
Mr.  J.  S.  B.  Hollinshead,  of  Butte,  whose  sudden  death  took  place  at  his 
home  on  July  19,  1900. 

Four  papers  were  read  and  two  discussions  were  had  at  the  various 
meetings  during  the  year.  Two  hundred  and  fifty  copies  of  the  Constitution 
and  By-Laws,  containing  in  addition  the  list  of  officers  and  members,  were 
published,  and  distributed  to  the  members  of  the  Society.  Two  hundred 
and  fifty  copies  of  the  proceedings  of  the  thirteenth  annual  meeting  were 
published.  The  same  included  also  a  synopsis  of  the  meetings  of  the  year 
1899,  and  all  the  papers  read  before  the  Society  during  that  year,  and  the  list 
of  officers  and  members. 

Library.  The  books  of  the  Society  have  been  shelved  in  new  Werneke 
bookcases,  but  no  provision  has  yet  been  made  for  properly  taking  care  of 
the  various  smaller  pamphlets  and  transactions  of  various  Engineering 
Societies. 

The  following  magazines  are  regularly  received :  Engineering  and 
Mining  Journal,  Engineering  Record,  Construction  Nezvs,  Railway  Age, 
Indian  Engineering,  Raihuay  and  Engineering  Review,  Irrigation  Age, 
Modern  Machinery,  Railway  Master  Mechanic,  Journal  of  the  Western  So- 
ciety of  Engineers  and  the  Journal  of  the  Associ.\tion  of  Engineering 
Societies. 
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Many  smaller  books,  pamphlets  and  transactions  of  various  Societies  have 
been  received  and  proper  acknowledgment  made. 
Respectfully  submitted, 

R.  A.  McArthur,  Secretary. 


A  REGULAR  meeting  of  the  Montana  Society  of  Engineers  was  held  March 
9  in  their  headquarters,  Rooms  i6  and  17,  Tuttle  Building,  Butte,  Mont.,  with 
nineteen  members  and  two  visitors  present ;  Vice-President  August  Christian 
in  the  chair. 

Applications  of  Ai  Arthur  Abbott  and  Albert  James  Flood  were  read  and 
accepted  for  balloting.  Messrs.  Adami  and  Tower  were  appointed  tellers  to 
canvass  ballots  for  membership,  and  reported  Messrs.  Richard  Austin  Lacy, 
Steven  P.  Wright  and  Fred.  T.  Greene  elected  as  members. 

Report  of  Annual  Meeting  Committee  was  read  and  accepted  and  com- 
mittee discharged. 

The  committee  appointed  to  revise  the  Constitution  to  create  a  junior 
membership  submitted  the  following  report : 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 
ARTICLE  II. 


Section  i.  The  membership  of  this  Society  shall  be  designated  as  Active 
Members,  Associate  Members,  Corresponding  Members,  Junior  Members  and 
Honorary  Members. 

Sec.  2.  An  active  member  shall  be  a  civil,  mechanical,  mining,  electrical 
or  other  professional  engineer;  an  architect,  geologist,  metallurgist  or  analyt- 
ical chemist.  He  shall  have  been  in  active  practice  of  his  professional  work 
for  at  least  four  years,  or  in  responsible  charge  of  professional  work  for  at 
least  two  years,  and  shall  be  qualified  to  design  and  direct  engineering  work, 
or  capable  of  carrying  on  the  work  of  his  profession.  Credits  from  a  school 
of  recognized  reputation  in  the  above  profession  shall  be  considered  as  equiva- 
lent to  one-half  the  time  they  represent  as  active  practice.  The  performance 
of  the  duties  of  a  teacher  in  schools  of  high  grade  in  the  above  professions 
shall  be  accepted  as  equivalent  to  an  equal  number  of  years  of  responsible 
charge  of  professional  work. 

Sec.  3.  An  associate  member  shall  be  a  person  who  by  scientific  acquire- 
ments or  practical  experience  has  attained  a  position  in  his  special  pursuit 
qualifying  him  to  co-operate  with  engineers  in  the  advance  of  engineering 
knowledge  or  practice. 

Sec.  4.  A  corresponding  member  must  have  his  residence  outside  of  the 
State  of  Montana,  and  must  be  competent  to  contribute  valuable  information 
on  engineering  questions.  This  grade  will  also  include  members  of  the  So- 
ciety who  have  removed  from  the  State  and  wish  to  temporarily  withdraw 
from  active  participation  in  the  affairs  of  the  Society. 

Sec.  5.  A  junior  member  shall  have  had  active  practice  in  his  branch  of 
engineering  for  at  least  two  years,  or  the  equivalent  of  the  same  as  stated  in 
Section  2  of  this  Article.  A  junior  member  shall  be  transferred  to  active 
membership  as  soon  as  he  becomes  eligible  therefor. 

Sec.  6.  An  honorary  member  shall  be  a  person  of  acknowledeged  emi- 
nence in  one  of  the  professions  enumerated  in  Section  2  of  this  Article. 

Sec.  7.  Active  members,  associate  members  and  junior  members  shall 
be_  designated  at  resident  and  non-resident  members.  Those  living  within 
thirty  miles  of  the  court  house  in  Butte  shall  be  classed  as  resident  members. 

Sec.  8.  Any  member  of  the  Society  who  removes  from  the  State  and 
wishes  to  temporarily  withdraw  from  active  participation  in  the  affairs  of  the 
Society  may  do  so  on  filing  with  the  Secretary  a  written  declaration  of  his 
intentions  and  paying  to  the  Secretary  all  accumulated  fees  or  other  indebted- 
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ness  due  the  Society.  He  will  then  be  classed  as  a  corresponding  member, 
and  will  be  subject  to  no  dues  or  assessments.  He  may  return  to  membership 
by  giving  written  notice  to  the  Secretary  and  paying  to  him  all  assessments 
and  dues  for  the  current  year. 

Sec.  9.  Any  member  of  any  other  Society  in  the  Association  of  Engi- 
neering Societies,  in  good  standing,  may  become  a  member  of  this  Society, 
when  duly  elected  as  described  in  Article  IV  of  the  By-Laws,  without  paying 
the  initiation  fee,  and  with  a  release  from  the  annual  dues  for  such  period, 
not  over  one  year,  as  he  may  show  by  certificate  he  has  paid  in  advance  in  the 
Society  from  which  he  comes. 

ARTICLE  IV. 

Skction  I.  Active  members  alone  shall  have  the  privilege  of  voting  and 
holding  office.  Associate  members  are  entitled  to  vote,  but  are  not  eligible  to 
hold  office. 

Substitute  in  Articles  III,  IV  and  V  of  the  Constitution  the  words 
"Active  and  Associate  Member"  in  place  of  "Member"  where  it  refers  to 
voting  and  "Active  Member"  where  it  refers  to  holding  office. 

PROPOSED  AMENDMENT  TO  THE  BY-LAWS. 
ARTICLE  IV. 

ADMISSION    TO    THE    SOCIETY. 

Section  i.  All  candidates  for  admission  to  the  Society  shall  make  ap- 
plication in  writing,  etc. 

Sec.  6.  The  annual  dues  of  all  resident  active  members  and  associate 
members  shall  be  $8;  resident  junior  members  and  non-resident  active  mem- 
bers and  associate  members  $6;  non-resident  junior  members  $4.  Honorary 
and  corresponding  members  shall  be  subject  to  no  dues  or  assessments.  All 
dues  shall  be  paid  to  the  Secretary  on  or  before  the  first  regular  meeting  in 
February  of  each  year. 

Substitute  in  the  By-Laws  the  words  "Active  and  Associate  Member"  in 
place  of  "Member"  where  it  refers  to  voting  and  "Active  Member"  where 
it  refers  to  holding  office. 

A  motion  was  passed  requesting  the  report  of  the  committee  be  printed 
and  sent  to  the  members  of  the  Society  inviting  a  written  discussion  to  be 
presented  at  the  next  regular  meeting. 

Mr.  McArthur  presented  the  following  resolutions,  which  were  unani- 
mously adopted : 

Whereas,  A  Divine  Providence  has  seen  fit  to  remove  from  our  earthly 
associations  another  member  of  this  Society;  be  it 

Resolved,  That  in  the  death  of  David  Walker  Hardenbrook  we  recognize 
the  loss  of  a  member  whose  kindly  disposition  and  gentle  manner  have  won 
the  esteem  of  his  entire  acquaintance,  and  whose  quiet  and  faithful  perform- 
ance of  his  engineering  duties  has  commanded  the  respect  and  confidence  of 
all  his  professional  associates. 

Resolved,  That  this  sentiment  be  spread  upon  the  minutes  of  this  meet- 
ing, our  sympathy  be  extended  to  his  friends  and  relatives  and  a  copy  of  this 
action  be  forwarded  to  his  bereaved  family. 

A  motion  was  passed  requesting  Mr  McArthur  to  prepare  a  biography  of 
the  deceased  to  be  presented  at  the  next  regular  meeting.  Messrs.  Moore, 
Harper  and  Weed  were  appointed  on  a  committee  to  select  a  design  for  a 
badge  of  the  Society. 

Mr.  Walter  H.  Weed,  United  States  Geographical  Survey,  entertained 
the  Society  with  an  interesting  talk  of  the  mines  recently  visited  by  him  in 
Mexico.     The  geological  conditions  around  Chihuahua  and  Parral,  together 
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with  many  interesting  features  of  the  country,  were  described  in  a  very  en- 
tertaining manner. 

Notice. — The  attention  of  the  members  is  especially  called  to  the  report 
of  the  Committee  on  Revision  of  the  Constitution  presented  above,  and  any 
desirable  changes  or  suggestions  should  be  sent  in  at  once  to  the  Secretary. 

This  will  be  presented  at  the  next  regular  meeting,  at  which  time  the 

matter  will  be  further  considered. 

Richard  R.  Vail,  Secretary. 

The  President. — Gentlemen,  you  have  heard  the  report  of  the  Secretary. 
What  is  your  pleasure? 

It  was  moved  and  seconded  that  the  report  be  placed  on  file,  and  upon 
being  put  to  vote  was  duly  carried. 

The  President. — The  next  order  of  business  is  the  report  of  the  Treas- 
urer. 

Mr.  Harper. — I  would  say  that  my  report  is  hardly  complete.  I  am  ex- 
pecting two  or  three  further  items  that  I  intended  to  embrace  in  the  report. 
Mr.  McArthur  and  myself,  however,  have  checked  this  morning,  and  have 
reached  a  practical  agreement.  There  is  at  the  present  time  $73.39  in  the 
Treasury,  as  he  states  in  his  report. 

The  President. — When  will  you  promise  us  your  formal  written  report, 
Mr.  Treasurer? 

Mr.  Harper. — It  will  be  filed  some  time  during  the  afternoon,  probably 
by  two  o'clock. 

The  Secretary. — If  permitted,  I  will  say  in  that  connection,  that  the  items 
to  which  Mr.  Harper  refers  are  three  orders,  which  were  issued  January  8, 
and  they  are  now  in  the  hands  of  Mr.  Moulthrop,  who  is  one  of  the  trustees, 
and  I  telephoned  him  this  morning  to  see  if  I  could  get  them,  and  I  have 
been  expecting  them  here.  That  is  the  reason  that  we  could  not  incorporate 
them  in  that  report. 

The  President. — Gentlemen,  you  have  heard  the  report  of  the  Treas- 
urer.    What  is  your  pleasure? 

Mr.  Goodale. — I  move  that  the  Treasurer  be  given  further  time  to  make 
his  report. 

The  motion  was  seconded,  and  upon  being  put  to  vote  was  declared 
carried. 

The  President. — The  Secretary  will  please  read  the  report  of  the  com- 
mittee that  canvassed  the  ballots  for  the  election  of  officers. 

The  Secretary. — The  report  reads  as  follows : 

"Mr.  President: — Your  committee,  appointed  to  canvass  the  ballot  for 
officers  for  the  year  1901,  desire  to  report  as  follows :  There  have  been  forty- 
six  ballots  cast,  of  which  Frank  L.  Sizer  received  forty-six  for  President; 
August  Christian  forty-six  for  First  Vice-President ;  George  T,  Wickes  forty- 
six  for  Second  Vice-President ;  Richard  R.  Vail  forty-six  for  Secretary  and 
Librarian ;  Joseph  H.  Harper  forty-six  for  Treasurer  and  member  of  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies,  and  Bertram 
H.  Dunshee  forty-six  for  Trustee  for  three  years. 

"Respectfully  submitted, 

"Albert  Koberle, 
"W.  H.  Williams, 
"B.  D.  Whitten, 

"Committee." 
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The  President. — Gentlemen,  you  have  heard  tlic  report  of  the  connnittee 
who  have  canvassed  the  ballots.  The  report  shows  that  the  candidates  for 
officers  were  all  elected  unanimously. 

You  have  elected  for  President  of  the  Society  for  the  ensuing  year  one 
of  the  charter  members  of  the  Society,  an  engineer  very  widely  and  favorably 
known  throughout  the  State  and  elsewhere,  and  one  who  will  conduct  the 
affairs  of  the  Society  with  dignity  and  ability. 

I  will  appoint  Mr.  Kinney  and  Mr.  Tower  to  escort  the  newly-elected 
President  to  the  chair. 

(The  committee  performed  its  office.) 

I  take  pleasure  in  introducing  Mr.  Frank  L.  Sizer  as  President  of  the 
Society.     (Applause.) 

The  newlj'-elected  President  took  his  seat  in  the  President's  chair,  and 
addressed  the  Society  as  follows : 

The  President. — Gentlemen  of  the  Society,  it  is  with  mingled  feelings  of 
pain  and  pleasure  that  I  stand  before  you  to-day, — pleasure  because  I  regard 
it  an  honor  to  be  selected  as  your  President,  and  pain  because  I  have  always 
looked  upon  this  office  as  one  belonging  to  the  older  men  of  the  Society,  and 
I  realize  now,  when  this  honor  is  thrust  upon  me,  that  I  can  no  longer  count 
myself  one  of  the  young  men.  I  admit  being  a  charter  member  of  the  So- 
ciety, and  in  that  sense  an  old  man,  but  it  seems  only  a  few  short  years  ago 
that  I  labored  under  the  disadvantage  of  being  thought  too  young  to  take 
charge  of  any  important  engineering  work.  But  that  is  a  disability  we  can 
all  outgrow,  and  I  feel  that  the  only  thing  of  moment  is  to  know  whether  a^ 
man  can  do  his  work  thoroughly  well. 

I  am  growing  to  take  more  and  more  pride  in  the  accomplishment  of  one 
piece  of  work  in  our  beloved  profession,  and  I  feel  that  I  shall  be  thoroughly 
satisfied  with  my  life  if  I  can  succeed  in  rearing  one  monument  that  will  be 
lasting.  In  this  respect  I  feel  that  the  civil  engineer  and  the  architect  have 
the  advantage,  for  it  has  truly  been  said  of  the  mining  engineer  that  his 
province  is  to  tear  down  rather  than  to  build  up, — in  other  words,  "to  tear 
the  insides  out  of  the  earth"  seems  to  be  a  particular  delight  of  that  branch 
of  the  profession  to  which  I  have  the  honor  of  belonging. 

I  have  always  taken  great  pride  in  this  Society.  While  I  have  done 
much  less  than  many  others  to  build  it  up  and  strenghten  it,  I  have  yet  tried 
to  do  my  part  in  those  years  in  the  past,  when,  with  our  good  President 
Haven, — the  only  one  who  ever  had  the  audacity  to  demand  a  "third  term," — 
I  assisted  in  putting  hats  on  chairs  to  represent  a  quorum  at  some  of  our 
monthly  meetings.  But  the  Society  has  outgrown  the  age  of  tottling,  and 
I  feel  it  is  thoroughly  able  to  stand  alone. 

I  am  very  much  gratified  with  the  growth  of  the  Society.  In  four  years 
we  have  just  doubled  our  membership,  and  it  seems  to  me  that  although  our 
grand  young  treasure  State  has  developed  wonderfully  in  this  same  period, 
our  Society  can  say  truly  that  it  has  more  than  justified  the  fondest  hopes  of 
its  most  sanguine  members.  It  is  certainly  a  gratification  to  know  that  in 
our  membership  is  now  contained  nearly  all  of  the  most  prominent  members 
of  the  professions  which  are  eligible  to  election  in  the  Society  throughout 
the  State,  and  I  feel  that  there  is  great  need  of  still  further  push  for  the  in- 
crease of  our  membership,  and  gathering  in  the  younger  men  in  the  pro- 
fession. The  province  of  this  Society  is  broad,  the  scope  of  it  is  large,  and 
yet  the  work  to  be  done  is  still  larger ;  the  opportunities  for  advancement  of 
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the  members  of  tliis  Society  in  every  direction  are  very  much  greater  than 
most  of  us  realize.  When  I  look  over  the  list  of  members  I  can  hardly 
justify  the  choice  of  your  Nominating  Committee  as  regards  myself,  but 
with  the  assistance  of  the  worthy  Vice-Presidents  and  each  and  every  mem- 
ber of  the  Society,  I  shall  endeavor  to  merit  your  approbation  in  the  years  to 
come.     (Applause.) 

Mr.  Wickes,  second  Vice-President,  addressed  the  Society  as  follows : 

Gentlemen  : — I  was  not  aware  that  the  Vice-President  was  to  be  called 
upon  to  take  a  prominent  position  in  the  chair  beside  the  President.  I  am 
very  much  obliged  to  you  for  the  honor  you  have  conferred  upon  me,  which 
was  entirely  unexpected.  Although  I  am  one  of  the  charter  members.  I  have 
not  taken  very  active  part,  in  fact  no  part  at  all,  in  the  meetings,  but  that  has 
been  largely  due  to  the  fact  that  my  work  has  been  so  out  of  the  way,  even 
when  the  Society  held  its  meetings  in  Helena,  and  while  my  family  was  there 
I  was  away  most  of  the  time,  and  at  the  times  of  the  meetings  it  has  not 
been  possible  for  me  to  go  to  them.  I  have,  however,  always  taken  a  great 
interest  in  the  doings  of  the  Society,  and  have  always  been  glad  to  know 
that  the  engineers  were  combining  and  would  work  together.  I  think  that 
is  a  feature,  generally,  that  the  engineers  have  not  heretofore  pulled  together 
as  much  as  they  should,  as  much  as  many  other  organizations  in  the  pro- 
fessions do  pull  together  and  support  each  other;  but  there  is  no  way  in 
which  they  will  pull  together  or  bring  about  that  result  better  than  to  be  in 
an  organization  of  this  character,  and  I  hope  that  it  will  continue  to  grow 
and  become  stronger;  and  as  our  President  has  said  that  an  effort  will  be 
made  to  make  the  Society  a  larger  and  a  stronger  organization.  I  thank  you 
for  the  honor  conferred. 

Mr.  Vail,  the  newly-elected  Secretary,  thanked  the  Society  for  the  honor 
conferred  upon  him  by  his  election,  and  expressed  the  hope  that  he  might  be 
enabled  to  perform  his  duties  creditably. 

Mr.  Tower,  Chairman  of  Committee  of  Arrangements  for  Annual  Meet- 
ing, requested  that  the  members  of  this  Society  contribute  to  the  treasury  of 
the  committee  $3.50  each  for  the  purpose  of  defraying  expenses. 

On  behalf  of  Mr.  H.  W.  Turner,  Chairman  of  Committee  on  Transporta- 
tion, Mr.  McArthur  reported  that  Mr.  Turner  had  fulfilled  the  duties  im- 
posed upon  him  and  had  secured  rates  from  all  the  railway  companies  con- 
cerned. 

The  meeting  then  adjourned  until  2  p.m. 

AFTERNOON  SESSION. 

The  Society  was  called  to  order  at  2  o'clock  p.m.  by  the  President  F.  L. 
Sizer  in  the  chair. 

The  President. — We  finished  Order  of  Business  No.  6,  with  the  excep- 
tion of  some  letters  which  were  received  by  the  Society,  and  I  will  ask  Mr. 
McArthur  to  read  those  letters. 

The  Secretary  read  letters  of  regret  from  William  Appleton  Haven  and 
E.  H.  Beckler,  Honorary  Members  of  the  Society,  upon  their  inability  to  be 
present. 

The  Secretary  was  directed  by  the  President  to  respond  to  the  letters. 

The  President. — It  will  be  proper  at  this  time  to  hear  the  report  of  the 
Treasurer. 

The  Treasurer,  Mr.  Harper,  submitted  his  report  to  the  Society. 
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MONTANA   SOCIETY   OF  ENGINEERS    IN    ACCOUNT    WITH 
JOSEPH  H.  HARPER,  TREASURER. 

By  amount  received  from  Forrest  J.  Smith,  ex-Treasurer $227.11 

"        "  "  "     R.  A.  McArthur,  Secretary 851.50 

"        "  "  "     A.  S.  Hovey 128.00 

$1,206.61 
To  expenditures  (orders  Nos.  i  to  35)  as  per  vouchers.  . .  .$1,133.22 
Balance  in  treasury 73-39 

$1,206.61 

The  Treasurer. — The  vouchers  referred  to  are  herewith  tendered. 
They  are  complete  with  one  exception.  The  last  order,  or  the  last  draft  that 
I  sent  to  Mr.  Trautwine,  Secretary  of  the  Association,  has  not  yet  been  re- 
turned. I  will  make  it  a  personal  matter  and  see  that  that  is  properly  at- 
tached when  it  does  arrive. 

The  Treasurer's  report  was  ordered  referred  to  the  Trustees.  On  mo- 
tion of  Mr.  Carroll,  the  Secretary  was  directed  to  write  letters  of  thanks  to 
railroad  companies  and  others  for  courtesies  extended  to  the  Society. 

On  motion  of  Mr.  Wickes,  the  visiting  members  expressed  their  thanks 
for  the  hospitality  extended  to  them  by  the  resident  members. 

On  request  of  the  President,  the  Secretary  read  Section  3  of  Article  II 
as  follows :  "Candidates  for  admission  to  the  Society,  as  members,  must 
"have  been  engaged  for  at  least  five  years  in  some  branch  of  engineering  or 
architecture,  or  have  been  graduated  as  engineer  or  a  manager  of  a  railroad, 
canal  or  other  public  work;  a  geologist,  chemist  or  mathematician;  a  mana- 
ger of  a  mine  or  metallurgical  works ;  or  one  who  from  his  scientific  ac- 
quirements or  practical  experience  has  obtained  eminence  in  his  special 
pursuit,  qualifying  him  to  co-operate  with  engineers  in  the  advancement  of 
professional  knowledge,  but  may  not  himself  be  practicing  as  an  engineer." 

Mr.  Goodale  urged  the  advisability  of  establishing  a  class  of  associate 
members,  and  asked  for  discussion  of  the  subject. 

Mr.  Blackford  called  attention  to  provisions  of  Section  5,  Article  II,  as 
follows : 

"Any  member  of  the  Society  who  removes  from  the  State  and  wishes  to 
temporarily  withdraw  from  active  participation  in  the  affairs  of  the  Society 
may  do  so  on  filing  with  the  Secretary  a  written  declaration  of  his  intentions 
and  paying  to  the  Secretary  all  accumulated  fees  or  other  indebtedness  due 
the  Society.  He  will  then  be  classed  as  an  Associate,  and  will  be  subject  to 
no  dues  or  assessments.  He  may  return  to  membership  by  giving  written 
notice  to  the  Secretary  and  paying  to  him  all  assessments  and  dues  for  the 
current  year." 

Then  Mr.  Harper  suggested  the  title  "Junior  Members,"  and  on  motion 
of  Mr.  C.  D.  Vail,  a  committee  of  three  was  appointed  to  propose  an  amend- 
ment to  the  Constitution  regarding  the  matter  of  membership,  and  to  pro- 
vide for  Associate  and  Junior  Memberships. 

The  Chair  appointed  Messrs.  Goodale,  Charles  D.  Vail  and  Blackford 
as  members  of  the  Committee  on  Revision  of  the  Constitution.  On  request 
of  Mr.  Blackford,  he  was  excused  from  service  on  the  committee,  and  Mr. 
McArthur  appointed  to  fill  the  vacancy. 

Mr.  Christian,  First  Vice-President,  expressed  his  thanks  for  the  honor 
conferred  in  his  election. 
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The  Secretary  read  a  letter  from  Mr.  Charles  H.  Repath,  giving  an  ac- 
count of  the  death  of  Mr.  Hollinshead  and  a  short  sketch  of  his  life's  history. 

Mr.  Carroll  voiced  the  regret  of  the  Society  respecting  the  death  of  Mr. 
Hollinshead,  and  dwelt  upon  the  enthusiasm  with  which  he  took  part  in 
every  movement  for  the  benefit  of  the  Society. 

On  motion  of  Mr.  Carroll,  seconded  by  Mr.  Blackford,  the  Secretary  was 
instructed  to  prepare  a  memorial  of  Mr.  Hollinshead  for  publication  in  the 
Journal  of  the  Association  of  Engineering  Societies.  The  President  ap- 
pointed Messrs.  Moore,  Goodale  and  Repath  members  of  the  committee  to 
prepare  this  memorial. 

On  motion  of  Mr.  McArthur,  the  Secretary  was  instructed  to  have  250 
copies  of  the  proceedings  of  this  meeting  published  and  distributed  to  the 
members  of  the  Society. 

Mr.  Carroll  urged  that  the  publication  of  these  proceedings  be  expedited. 

Mr.  Harper  mentioned  the  annoyance  caused  by  the  omission  on  the  part 
of  the  printers  to  supply  the  illustrations  accompanying  his  paper  on  the  Big 
Hole  Dam,  in  the  reprints  furnished  the  Society. 

On  motion  of  Mr.  Carroll,  the  motion  was  amended  so  as  to  instruct  the 
Society  to  procure  from  the  Secretary  of  the  Association  of  Engineering  So- 
cieties a  reprint  of  the  proceedings  of  the  annual  meeting,  including  the 
papers  presented,  and  the  motion  as  amended  was  carried. 

Mr.  F.  W.  Blackford,  retiring  President,  presented  his  annual  address 
and  expressed  his  thanks  to  the  members  for  the  courtesy  extended  to  him 
during  his  term  of  office. 

The  President  complimented  Mr.  Blackford  upon  his  instructive  and  en- 
tertaining address. 

The  Society  then  adjourned. 

The  banquet  held  at  the  McDermott  Hotel  commenced  at  9  o'clock. 
The  following  members  were  present :  F.  W.  Blackford,  Eugene  Carroll, 
A.  W.  Catlin,  August  Christian,  S.  H.  Crookes,  B.  H.  Dunshee,  W.  J. 
Flood,  C.  W.  Goodale,  F.  P.  Gutelius,  J.  H.  Harper,  A.  E.  Hobart,  E.  C. 
Kenney,  Albert  Koberle,  M.  L.  Macdonald,  Carlisle  Mason,  R.  A.  McArthur, 
E.  R.  McNeill,  C.  V.  Page,  B.  R.  Putnam,  Eugene  Sickles,  F.  L.  Sizer,  G.  W. 
Tower,  Jr.,  H.  W.  Turner,  C.  D.  Vail,  R.  R.  Vail,  B.  D.  Whitten,  F.  W.  C. 
Whyte,  G.  T.  Wickes,  W.  H.  Williams,  E.  H.  Wilson,  H.  V.  Winchell,  C.  H. 
Bowman  and  Wm.  Zaschke.  Also  the  following  guests :  B.  A.  Tower,  Al- 
fred Frank,  R.  H.  Sales,  C.  J.  Adami,  S.  P.  Wright,  E.  J.  Strasburger,  R.  J. 
Decker,  C.  W.  Paine,  Harry  Gallwey,  J.  E.  Dawson,  C.  C.  Rueger. 

Mr.  Eugene  Carroll  acted  as  toastmaster,  and  following  toasts  were  re- 
plied to : 

"The  President  of  the  United  States,"  by  C.  H.  Moore. 

"The  Montana  Society  of  Engineers,"  by  F.  L.  Sizer. 

"The  Educational  Institutions  of  Montana,"  by  W.  H.  Williams. 

"The  Geologist,"  by  H.  V.  Winchell. 

"The  Mining  Engineer,"  by  Geo.  T.  Wickes. 

"Our  former  President,  W.  A.  Haven,"  by  C.  W.  Goodale. 

"The  Irrigation  Engineer,"  by  E.  C.  Kenney. 

"The  Ladies,"  by  Geo.  W.  Tower,  Jr. 

"The  Civil  Engineer  in  British  Columbia,"  by  Fred.  Gutelius. 

Besides  various  stories  and  short  talks  by  Messrs.  Koberle,  Wright, 
Dawson,  Christian,  Wilson  and  others. 
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Boston  Society  of  Civil  l-jiijiiin'ors. 


Boston,  March  20,  1901. — The  annual  meeting  of  the  Boston  Society  of 
Civil  Engineers  was  held  at  Chipnian  Hall,  Tremont  Temple,  at  7.35  o'clock 
P.M. ;  President  Alexis  H.  French  in  the  chair.  Ninety-two  members  and 
visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  William  C.  Ogden,  John  K.  Perkins,  Lewis  D.  Thorpe  and 
Andrew  W.  Woodman  were  elected  members  of  the  Society. 

The  Secretary  read  his  annual  report,  which  was  accepted. 

The  Treasurer  read  his  annual  report,  which  was  accepted  and  ordered 
to  be  placed  on  file. 

Mr.  Corthell  presented  and  read  the  annual  report  of  the  Committee  on 
Excursions,  which  was  accepted. 

The  Librarian  presented  and  read  the  annual  report  of  the  Committee  on 
the  Library,  which  was  accepted. 

Professor  Allen  presented  and  read  the  annual  report  of  the  Committee 
on  Quarters,  which  was  accepted. 

The  Secretary  read  the  annual  report  of  the  Board  of  Government, 
which  was  also  accepted. 

On  motion  of  Professor  Swain,  it  was  voted  to  adopt  the  recommenda- 
tion of  the  Board  of  Government,  that  the  incoming  board  be  directed  to 
petition  the  General  Court  at  its  next  session  for  authority  to  enable  the 
Society  to  hold  a  larger  amount  of  personal  and  real  estate. 

The  recommendation  that  the  sum  of  $75  be  appropriated  for  the  pur- 
chase of  standard  engineering  books,  was  also  adopted. 

On  motion  of  Mr.  Stearns,  it  was  voted  to  refer  to  the  Board  of  Gov- 
ernment, with  full  powers,  the  question  of  continuing  the  several  special 
committees  of  the  Society,  and  the  selection  of  the  members  thereof. 

Messrs.  Henry  D.  Woods  and  Henry  A.  Varney,  the  tellers  of  the 
election,  submitted  the  result  of  the  letter  ballot  for  officers. 

In  accordance  with  their  report  the  President  announced  the  election  of 
the  following  officers : 

President — Lawson  B.  Bidwell. 

Vice-President   (for  2  years) — X.  Henry  Goodnough. 

Secretarj' — S.  Everett  Tinkham. 

Treasurer — Edward  W.  Howe. 

Librarian — Louis  F.  Cutter. 

Director  (for  two  years) — William  M.  Brown,  Jr. 

The  President  then  introduced  Mr.  J.  A.  Ockerson,  of  St.  Louis,  a  mem- 
ber of  the  Mississippi  River  Commission,  who  read  the  paper  of  the  evening, 
entitled,  "The  Mississippi  River;  Some  of  Its  Physical  Characteristics,  and 
Measures  Employed  for  the  Regulation  and  Control  of  the  Stream."  The 
paper  was  fully  illustrated  by  stereopticon  views. 

On  motion  of  Professor  Swain,  the  thanks  of  the  Society  were  voted  to 
Mr.  Ockerson  for  his  kindness  in  reading  his  valuable  paper  before  the  So- 
ciety. 

Before  declaring  the  meeting  adjourned  the  President  introduced  the 
President-elect,  Mr.  Bidwell,  who  thanked  the  members  for  the  honor  which 
they  had  conferred  upon  him. 

Adjourned.  S.  E.  Tinkham,  Secretary, 
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Annual  REroRT  of  the  Board  of  Government  for  the  Year  1900-01. 

Boston,  March  20,  1901. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers: 

In  compliance  with  the  provisions  of  the  Constitution,  the  Board  of  Gov- 
ernment submits  its  report  for  the  year  ending  March  20,  1901. 

At  the  last  annual  meeting  the  total  membership  of  the  Society  was  490, 
of  which  482  were  members,  2  honorary  members  and  6  associates.  During 
the  past  year  we  have  lost  9  members ;  2  by  death,  5  by  resignation  and  2  by 
forfeiture  of  membership  for  non-payment  of  dues. 

There  have  been  added  to  the  Society  during  the  year  19  members,  17  of 
these  have  been  new  members  and  2  former  members  have  been  reinstated. 

Our  present  membership  consists  of  2  honorary  members,  6  associates 
and  492  members ;  a  total  of  500. 

The  record  of  the  deaths  during  the  year  is :  John  C.  Haskell,  died 
June  12,  1900;  Moses  W.  Oliver,  died  September  8,  1900. 

Ten  regular  meetings  and  one  special  meeting  of  the  Society  have  been 
held  during  the  year,  and  the  nineteenth  annual  dinner  was  given  at  the 
Hotel  Vendome  on  March  S,  1901. 

The  average  attendance  at  the  regular  and  special  meetings  was  74,  the 
largest  being  142  and  the  smallest  45.  The  attendance  at  the  annual  dinner 
was  149. 

The  following  papers  have  been  read  at  the  several  meetings : 

March  21,  1900. — "The  Outlook  for  Engineers,"  by  President  C.  Frank 
Allen. 

April  4,  1900.— "The  Evolution  of  the  Modern  Sky-scrapers,"  by  Clar- 
ence H.  Blackall.     (Illustrated.) 

April  18,  1900. — "Difficulties  Encountered  in  Building  the  Concord,  Mass., 
Sewerage  System,"  by  Leonard  Metcalf.     (Illustrated.) 

May  16,  1900. — "Automobile  Vehicles,"  by  Prof.  Louis  Derr.  (Illus- 
trated.) 

June  20,  1900. — "Filtration  Experiments  made  at  Pittsburg,"  by  Morris 
Knowles.     (Illustrated.) 

September  19,  1900.— -An  account  of  matters  of  interest  to  engineers  seen 
in  Europe  during  the  past  summer,  by  Henry  Manley,  Edward  Sawyer,  F.  W. 
Hodgdon,  H.  D.  Woods  and  Desmond  FitzGerald. 

October  17,  1900. — "A  Successful  Siphon,"  by  R.  S.  Hale.  "Experiments 
on  Brick  and  Concrete  Arches,"  by  W.  D.  Bullock.  "Tests  of  a  Rapp  Floor 
and  a  Gustavino  Arch,"  by  F.  H.  Fay.  "Expanded  Metal  in  Connection 
with  Concrete  Construction,"  by  W.  M.  Bailey.  "Ransome  System  of  Con- 
crete Work,"  by  M.  C.  Tuttle.  "The  Roebling  System,"  by  A.  W.  Wood- 
man.    (Illustrated.)     Memoir  of  John  H.  Blake. 

November  21,  1900. — "The  Use  of  Water  Power  by  Direct  Air  Compres- 
sion," by  W.  O.  Webber.     (Illustrated.) 

December  19,  1900. — "Stone  Arch  Bridges  Recently  Constructed  on  the 
Fitchburg  Railroad,"  by  A.  S.  Cheever.  "Arch  Centers,"  by  J.  W.  Rollins, 
Jr.     (Illustrated.) 

January  23,  1901. — "Palaces  on  the  Grand  Canal,"  by  Desmond  Fitz- 
Gerald.    (Illustrated.) 

February  20,  1901. — "Submerged  Pipe  Crossings,  on  the  Metropolitan 
Water  Works,"  by  C.  M.  Saville.     (Illustrated.) 
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Five  informal  meetings  have  been  licld  in  the  Society's  library  during  the 
past  year.     The  subjects  discussed  at  these  meetings  have  been  as  follows: 

March  28,  1900. — "A  Year  in  Alaska,"  by  Laurence  B.  Manley. 

April  II,  1900. — "Improvement  of  Feeder  to  Middlesex  Canal,"  by  Arthur 
T.  Safford. 

December  5,  1900. — "Street  Construction  as  seen  in  the  Streets  of  London, 
Paris  and  other  European  Cities,"  by  Henry  Manley.  Also,  "Description  of 
the  Pitch  Lake  in  Trinidad,"  by  H.  T.  Manley. 

January  2,  1901. — "Methods  of  Mixing  Concrete,"  by  Sanford  E.  Thom- 
son. 

January  9,  1901. — "Some  Impressions  of  Manila,"  by  J.  C.  S.  Taber. 

The  board  desires  to  congratulate  the  Society  upon  its  growth  in  strength, 
both  numerically  and  financially,  and  to  call  its  attention  to  the  fact  that  our 
charter  only  allows  us  to  hold  real  and  personal  estate  to  the  amount  of 
$20,000,  while  at  the  present  moment  the  property  of  the  Society  is  worth  not 
far  from  $15,000. 

In  order  to  meet  the  contingencies  of  a  bequest,  or  a  movement  in  the 
direction  of  securing  permanent  quarters  and  of  the  possible  delays  in  ob- 
taining the  necessary  legislation  to  hold  a  larger  amount,  the  retiring  board 
recommends  that  the  incoming  one  be  authorized  and  directed  to  make  ap- 
plication to  the  next  session  of  the  General  Court  for  the  right  to  hold  real 
and  personal  estate  to  the  amount  of  $100,000,  or  such  other  amount  as  that 
board  shall  deem  advisable. 

The  growth  of  our  Society  is  nowhere  more  apparent  than  in  the  con- 
gested condition  of  our  Library,  which  needs  much  additional  wall  and  floor 
space  for  the  material  we  have,  and  at  the  same  time  should  be  greatly 
strengthened  in  standard  engineering  literature.  To  make  room  for  the  new 
books  it  would  seem  best  to  send  away  for  storage,  until  we  have  more 
room,  or  otherwise  dispose  of  such  material,  which  can  be  very  nearly,  if 
not  quite  as  well  consulted  at  the  public  libraries. 

Two  years  since  the  Society  adopted  the  policy  of  appropriating  $50 
annually  for  the  purchase  of  standard  engineering  books.  It  now  being  ap- 
parent that  that  step  was  a  judicious  one,  and  it  being  also  clear  that  $50 
annually  is  not  sufficient  to  provide  the  new  books  which  we  should  have, — 
and  many  of  the  older  ones  which  we  have  not  as  yet  been  financially  able  to 
get,  but  cannot  afford  to  be  without, — the  board  recommends  that  the  appro- 
priation for  this  purpose  be  increased  to  $75  for  the  coming  year. 

We  desire  to  call  to  the  favorable  attention  of  the  Society  the  practice 
the  past  year,  adopted  by  the  Excursion  Committee,  of  causing  to  be  printed 
upon  the  notices  of  the  monthly  meetings  information  relating  to  engineering 
work  in  progress  in  this  part  of  the  country,  and  to  express  the  opinion 
that  it  should  be  continued. 

Respectfully  submitted  to  the  Board  of  Government, 

Alexis  H.  French,  President. 
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Abstract  of  the  Treasurer's  and  Secretary's  Reports  for  the  Year 

1900-01. 

Receipts:  current  fund. 

Dues  from  new  members  $95.00 

Dues  for  year  1899-1900  i3-00 

Dues  for  year  1900-01  3,38900 

Dues  for  year  1901-02 29.00 

Sales  of  Journals 2.10 

Rent  of  rooms  900.00 

Interest  on  deposits 23.77 

Balance  on  hand,  March  22,  1900 1,910.43 

$6,362.30 

Expenditures: 

Rent $1,665.00 

Association  of  Engineering  Societies 1,004.50 

Transferred  to  Permanent  Fund  2,017.50 

Printing,  postage  and  stationery 469.04 

Secretary  salary  400.00 

Furniture  and  repairs   1 17.63 

Periodicals  and  binding   96.70 

Incidentals  97-17 

Annual  dinner   85.50 

Books 49.60 

Stereopticon  at  meetings 80.00 

Lighting  rooms 26.34 

Clerical  work  for  Librarian 21.49 

Reporting  meeting   5.00 

$6,135.47 

Balance  on   hand    $226.83 

Receipts:  permanent  fund. 

Seventeen  entrance  fees $170.00 

Current   fund    2,017.50 

Shares  Merchants'  Co-operative  Bank 1,147.18 

Interest  225.30 

Subscription  to  Building  Fund  100.00 

Balance  on  hand,  March  22,  1900 165.54 

$3,825.52 

Expenditures: 

Deposit  in  Franklin  Savings  Bank  $1,017.50 

Deposit  in  Provident  Institution  for  Savings   37-35 

Deposited  in  Boston  Five-cents  Savings  Bank 39-74 

Deposit  in  Eliot  Five-cents  Savings  Bank   1,053.41 

Deposit  in  Warren  Institution  for  Savings 31.16 

Deposit  in  Institution  for  Savings  in  Roxbury  27.64 

Shares  in  Merchants'  Co-operative  Bank 586.71 

Dues  on  shares,  Merchants'  Co-operative  Bank  308.00 

Dues  on  shares  Workingmen's  Co-operative  Bank 300.00 

Dues  on  shares  Volunteer  Co-operative  Bank   300.00 

$3,701.51 

Balance   on   hand    $124.01 
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PROPERTY   HELONGING   TO   THK    PERMANENT   FUND,    MARCH    20,    I9OI. 

One  Republican  Valley  R.  R.  bond  (par  value) $600.00 

25  shares  Merchants'  Co-operative  Bank  1,541.40 

25  shares  Workingmen's  Co-operative  Bank    2,048.00 

25  shares  Volunteer  Co-operative  Bank  1,992.00 

Deposited  in  Provident  Institution  for  Savings  1,177.69 

Deposited  in  Bo.slon  Five-cents  Savings  Bank 1,165.99 

Deposited  in  Eliot  Five-cents  Savings  Bank   1,053.41 

Deposited  in  Warren  Institution  for  Savings  1,039.91 

Deposited  in  Institution  for  Savings  in  Roxbury 1,027.64 

Deposited  in  Franklin  Savings  Bank  1,017.50 

Deposited  in  Old  Colony  Trust  Company    124.01 

$12,787.55 

Amount  belonging  to  Permanent  Fund  ]\Iarch  21,  1900 10,010.38 

Increase  during  the  year   $2,777.17 


TOTAL   PROPERTY   OF   THE   SOCIETY   IN   THE   POSSES.SION   OF   THE   TREASURER. 

Permanent  Fund  $12,787.55 

Current  Fund  226.83 

$13,014.38 
Total  amount  March  21,  1900 11,920.81 

Total  increase  during  the  year   $1,093.57 


Report  of  the  Committee  on  Excursions. 

Boston,  Mass.,  March  20.  1901. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers : 

Your  Committee  on  Excursions  presents  the  following  report  for  the 
year  1900-1901 : 

Twelve  excursions  have  been  made  during  the  year. 

April  18,  1900. — To  the  Charlestown  Bridge,  and  to  inspect  the  Pneu- 
matic Carrier  System  between  the  Union  Station  and  the  Post  Office,  Boston. 
Attendance,  25. 

May  16,  1900. — To  the  Boston  Navy  Yard,  and  the  Hoosac  Tunnel  Docks, 
both  at  Charlestown.     Attendance,  140. 

June  20,  1900. — To  the  work  of  Abolition  of  Grade  Crossings  at  Con- 
gress street;  the  Commonwealth  Dock;  and  the  Metropolitan  Coal  Com- 
pany's coal  handling  plant,  all  in  Boston.     Attendance,  22. 

July  18,  1900. — To  the  Fore  River  Engine  Works,  Weymouth.  Attend- 
ance, 103. 

August  22,  1900. — To  the  sources  of  supply.  New  Bedford  and  Taunton 
Water  Works,  Lakeville,  Mass.     Attendance,  25. 

September  19,  1900. — To  the  Cape  Ann  Quarries  and  Breakwaters,  Rock- 
port,  Mass.     Attendance,  35. 

October  17,  1900. — To  the  Wachusett  Dam  and  Reservoirs,  Metropolitan 
Water  Works,  Clinton,  Mass.     Attendance,  47. 

November  21,  1900. — To  the  Boston  Elevated  Railway.     Attendance,  80. 

December  6,  1900. — To  the  Cunard  steamship  "Saxonia."    Attendance,  62. 
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December  19,  1900. — To  the  New  England  Electric  Vehicle  Transporta- 
tion Company's  plant,  Boston.     Attendance,  22. 

January  23,  1901. — To  the  factory  of  the  Derby  Desk  Company,  Somer- 
ville.     Attendance,  4. 

February  20,  1901. — To  the  plant  of  the  United  States  Steel  Company, 
West  Everett.     Attendance,  30. 

Total  attendance,  595 ;  average,  50. 

This  total  attendance  of  595  compares  very  favorably  with  the  record  of 
550  for  the  preceding  year,  and  600  for  the  year  before  that,  the  latter  being 
the  highest  figure  ever  attained. 

Besides  the  regular  work  of  planning  and  conducting  excursions,  your 
committee  has  begun  the  publication  of  a  monthly  "Bulletin  of  New  Engi- 
neering Work,"  with  the  idea  of  furnishing  the  necessary  information  to 
enable  individual  members  to  visit  work  in  which  they  may  be  particularly 
interested.  Seven  issues  of  the  Bulletin  have  been  published,  besides  one 
special  bulletin. 

There  is  a  cash  balance  of  $22.54  in  the  hands  of  the  committee. 
Respectfully  submitted, 

a.  b.  corthell, 
Charles  W.  Sherman, 
D.  L.  Turner, 
John  R.  Burke, 

Committee  on  Excursions. 

Report  of  the  Library  Committee. 

Boston,  Mass.,  March  20,  1901. 
To  the  Members  of  tlie  Boston  Society  of  Civil  Engineers : 

The  Committee  on  the  Library  makes  the  following  report  for  the  year 
1900-1901  :  217  volumes  and  a  number  of  pamphlets  have  been  added  to  the 
library.  The  highest  accession  number  is  4529.  This  number,  however,  does 
not  correctly  represent  the  number  of  volumes  in  the  library,  as,  in  past  years, 
pamphlets  have  sometimes  been  entered  in  the  accessions  book. 

The  following  engineering  text-books,  having  been  approved  for  purchase 

by  the  Board  of  Government,  were  bought  at  an  expense  of  $49.60.     Those 

marked  with  a   star  were  approved  by  the   Board   of  Government  of  the 

preceding  year,  but  were  not  then  purchased  on  account  of  the  insufficiency 

-  of  the  appropriation. 

LIST   OF   text-books    BOUGHT,    I9OO-OI. 

Herschel :  Frontrnus  and  the  Water  Supply  of  the  City  of  Rome." 

Wegmann :  "Design  and  Construction  of  Dams." 

Christie :  "Chimney  Design." 
*Engineeriiig  Nczvs:  General  Index,  1890-99. 

Wolff:  "Windmill  as  a  Prime  Mover." 

Goodell :  "Water  Works  for  Small  Cities  and  Towns." 
*Ganguillet  &  Kutter:  "Flow  of  Water  in  Channels,"  tr.  Trautwine. 

Tillson:  "Street  Pavements  and  Paving  Materials." 

Wilson:  "Topographic  Surveying." 

Wait:  "Law  of  Operations  Preliminary  to  Construction." 
*Pryde:  "Chambers's  Tables." 

Woodhead :  "Bacteria  and  their  Products." 
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Howe:  "Retaining  \\';ills." 

*Kent :  "Mechanical  Engineer's  Pocket  Book." 

*CanipbcIl  :  Manufacture  and  Properties  of  Structural   Steel." 
Howe :  "Arches." 

Engineering  News:  "Piles  and  Pile  Driving." 

Early  in  the  year  the  Board  of  Government  requested  from  the  Library 
Committee  a  report  on  the  question  of  "What  ought  to  be  the  general  policy 
of  the  library  in  the  acquisition  of  books,  especially  in  the  purchase  of  refer- 
ence and  text-books?"  and  "What  additional  periodicals,  if  any,  ought 
to  be  subscribed  for?"  Reports  on  these  questions  were  submitted  in  the 
course  of  the  year,  and  are  recorded  in  the  minutes  of  the  Board  of  Govern- 
ment. The  recommendations  are  in  substance  as  follows :  The  general 
policy  of  the  library  ought  to  continue  as  hitherto,  a  specialty  being  made  of 
State  and  Municipal  reports  that  are  of  engineering  interest,  but  more  at- 
tention ought  to  be  given  to  engineering  text  and  reference  books.  An 
annual  expenditure  of  about  $75  for  such  books  was  advised. 

On  the  question  of  additional  periodicals  a  list  was  presented,  all  but  two 
of  which  were  subsequently  approved  by  the  Board  of  Government,  and 
were  added  to  our  table.  The  following  periodicals  and  society  publications 
are  now  regularly  received  and  placed  on  our  table.  Those  marked  with  a 
star  are  not  preserved  and  bound. 

American  Architect. 
*American  Gas-Light  Journal. 

American  Institute  of  Electrical  Engineers,  transactions., 

American  Institute  of  Mining  Engineers,  transactions. 

American  Society  of  Civil  Engineers,  transactions. 

American  Society  of  Mechanical  Engineers,  transactions. 
*  American  Trade. 

Association  of  Engineering  Societies,  journal. 

Canadian  Society  of  Civil  Engineers,  transactions. 

Cassier's  Magazine. 

Deutsch-Amerikanischen  Techniker-Verband,  Mitteilungen. 

Electrical  World. 

Engineer  (London). 

Engineering  (London). 

Engineering  and  Mining  Journal. 

Engineering  Magazine. 

Engineering  News. 

Engineering  Record. 

Engineers'  Association  of  the  South,  proceedings. 

Engineers'  Club  of  Philadelphia,  proceedings. 

Engineers'  Society  of  Western  Pennsylvania,  proceedings. 

Forester. 

Franklin  Institute,  journal. 

Indian  Engineer. 

Institute  of  Mechanical  Engineers  (London),  proceedings. 

Institution  of  Civil  Engineers  (London),  proceedings. 
*Iron  Age. 
*Irrigation  Age. 

Liverpool  Engineering  Society,  transactions. 
*Marine  Engineering. 
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Master  Car  Builders'  Association,  proceedings. 
*Municipal  Engineering. 

New  England  Water  Works  Association,  journal. 

Nova  Scotia  Institute  of  Science,  proceedings  and  transactions. 

Fonts  et  chaussees,  Annales  des. 

Railroad  Gazette. 

Societe  des  Ingenieurs  Civils,  memoires. 

Street  Railway  Review. 

Technology  Quarterly. 

Technology  Review. 

United  States  Naval  Institute,  proceedings. 
*United  States  Patent  Office  Gazette. 

University  of  Wisconsin,  bulletin. 

Verein  deutcher  Ingenieure,  Zeitschrift. 

Western  Society  of  Engineers,  journal. 

Worcester  Polytechnic  Institute,  journal. 

Besides  the  usual  accessions  of  government,  state  and  city  reports, 
several  notable  accessions  by  gift  have  been  received.  The  Massachusetts 
Topographical  Survey  Commission  has  made  our  library  one  of  the  places 
of  deposit  for  the  atlases  of  the  Town  Boundary  Survey,  and  35  atlases  have 
been  received.  From  M.  Eiffel  have  come  two  sumptuous  volumes,  a  de- 
scription and  illustrations  of  the  Tower  of  300  Meters.  From  our  Past 
President,  Desmond  FitzGerald,  we  have  7  volumes  of  London  Engineering 
and  8  volumes  of  Spon's  Engineering  Dictionary.  Mr.  FitzGerald's  gifts  ar- 
rived too  late  to  be  accessioned  before  the  annual  meeting,  and  are  not  in- 
cluded in  the  217  volumes  mentioned  at  the  beginning  of  this  report,  nor  are 
the  50  volumes  of  the  Zeitschrift  fiir  Bauzvesen,  the  gift  of  our  Past  Presi- 
dent Clemens  Herschel.  These  were  given  under  the  condition  that  they 
should  be  kept  together  and  marked  with  the  donor's  name,  and  not  borrowed 
from  the  library.  These  conditions  were  accepted  by  the  Board  of  Govern- 
ment on  March  16. 

Towards  the  end  of  1900,  practically  the  whole  of  our  shelf  room  was 
filled,  leaving  no  space  for  the  expansion  of  our  library  or  for  that  of  our  sub- 
tenants, the  Water  Works  Association,  and  it  became  necessary  to  provide 
additional  room.  A  new  bookcase  was  constructed  at  a  cost  of  about  $75, 
against  the  west  wall,  beside  and  over  the  little  window.  This  gives  about 
76  lineal  feet  of  additional  shelving.  To  make  this  available  for  the  ex- 
pansion of  each  of  the  ten  sections  of  the  library,  it  was  necessary  to  re- 
arrange nearly  all  the  books.  This  was  done,  and  after  giving  up  about  37 
lineal  feet  of  shelving  for  the  use  of  our  tenants  we  have  left  for  ourselves 
(by  putting  a  number  of  the  less  used  books  in  the  rear  rank),  sufficient 
room  for  the  normal  growth  of  about  three  years. 

Shelf  lists  of  certain  of  the  municipal  reports  have  been  made  by  Mr. 
Bryant,  and  shelf  lists  of  the  State  reports  have  been  begun  by  Mr.  Flinn 
and  the  Librarian. 

Throughout  the  year  a  large  number  of  duplicate  copies  of  periodicals 
have  encumbered  the  room.  Negotiations  have  been  in  progress  for  a 
storage  within  the  building,  but  so  far  no  satisfactory  arrangement  has  been 
arrived  at.  If  no  convenient  storage  place  can  be  found,  it  will  become  a 
question  whether  it  would  not  be  better  to  dispose  of  all  the  bulky  duplicates. 
While  this  store  of  duplicates  is  an  occasional  convenience  to  our  members,  so 
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that  $4.10  worth  have  been  sold  in  the  course  of  the  past  year,  yet  the  en-* 
cumbrance  and  disfigurement  of  the  library  is  a  high  price  to  pay  for  this 
occasional  service.  The  present  periodical  rack  is  not  convenient.  It  cuts  off 
the  light  from  the  further  side  of  the  table,  and  it  is  not  easy  to  keep  in  order. 
We  recommend  to  our  successors  that  they  study  means  for  the  more  con- 
venient storage  of  the  current  periodicals.  Another  question  which  we 
bequeath  to  our  successors  is  that  of  certain  reports  that  contain  but  little 
matter  of  engineering  interest.  In  view  of  the  lack  of  room,  it  seems  doubt- 
ful whether  it  is  wise  to  continue  to  receive  such  reports,  or  even  to  keep  on 
the  shelves  those  volumes  that  we  already  have. 

Respectfully  submitted, 

Louis  F.  Cutter,  Chairman, 
Frederic  H.  Fay, 
Frank  P.  McKibben, 
of  the  Committee  on  the  Library. 

Report  of  the  Committee  on  Quarters. 

Boston,  March  20,  1901. 
To  the  Boston  Society  of  Civil  Engineers: 

The  Committee  on  Quarters  have  examined  several  pieces  of  property 
during  the  past  year,  with  reference  to  purchase,  but  have  been  unable  to  find 
a  lot  which  will  not  involve  the  expenditure  of  a  large  amount  of  money  to 
adapt  it  to  the  needs  01  the  Society. 

As  the  lease  for  the  present  quarters  in  Tremont  Temple  expires  on  May 
I,  1902,  and  our  library  is  already  crowded,  it  seems  to  your  committee  that 
some  steps  should  be  taken  during  the  present  year  towards  securing  a  house 
for  the  Society.  This  will  probably  involve  the  expenditure  of  about  $80,000. 
From  the  report  of  the  Treasurer,  it  appears  that  we  now  have  $12,787.55  in 
the  treasury. 

There  are  several  societies  in  Boston  which,  like  our  own,  are  looking 
for  permanent  quarters.  The  most  feasible  scheme  for  building,  without  en- 
cumbering the  Society  with  a  heavy  debt,  seems  to  be  to  unite  with  several 
other  societies,  if  such  can  be  found,  and  erect  a  building  to  be  used  in 
common. 

If  a  movement  in  this  direction  appears  to  be  desirable,  your  committee 
intend  to  make  at  once  an  effort  towards  securing  the  co-operation  of  some 
other  societies. 

Respectfully  submitted, 

Desmond  FitzGerald,  Chairman. 

Civil  Engineers'  Club  of  Cleveland. 


Annual  Address  of  the  President. 

The  work  of  a  scientific  or  technical  society  is,  I  take  it,  of  a  three- 
fold nature :  to  keep  alive  the  idea  of  the  professional  life ;  to  establish  cordial 
relations  between  the  several  members  of  the  different  professions  repre- 
sented; and  to  furnish  a  means  for  the  spreading  of  the  results  of  the 
latest  researches  amongst  the  members. 

Without  having  planned  to  arrange  the  work  of  the  year  under  these 
heads,  it  may  be  fairly  described  under  some  such  classification. 

With  great  earnestness  on  the  part  of  the  Membership  Committee 
of  the  year  just  closing,  and  of  the  same  committee  of  the  year  preceding, 
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the  men  of  the  city  in  the  different  professions  represented  have  been 
sought  out  and  invited  to  affihate  themselves  with  our  Society.  The  idea 
has  been  to  band  together  in  one  society  having  proper  central  head- 
quarters all  men  associated  in  several  lines  of  work.  It  has  been  hoped 
that  by  persistent  work  nearly  every  man  so  engaged  could  be  induced  to 
feel  that  the  professional  aspect  of  his  work  could  best  be  fostered  by  being 
with  us  in  the  work  we  have  set  ourselves  to  do.  So  many  men  on 
leaving  college  find,  in  due  time,  their  proper  sphere  of  usefulness  and, 
before  they  know  it,  are  in  a  rut.  They  do  their  day's  work  and  go  home. 
They  may  take  one  technical  journal  and  even  go  so  far  as  to  conscien- 
tiously read  it.  But  from  the  fact  that  their  daily  work  is  so  constant,  and 
perhaps  fatiguing,  they  straightway  forget  (so  it  often  seems  as  you 
observe  them)  that  they  are  technically  educated;  that  they  are  profes- 
sional men  as  opposed  to  business  men;  that  they  have  to  do  with  creative 
technical  problems  rather  than  the  sale,  manufacture  or  transfer  of  some 
commodity.  Soon  they  drop  out  of  the  Alumni  Club  of  their  college, 
take  little  interest  in  the  theoretical  part  of  their  life  work,  and  plod  along, 
doing  the  best  they  can  in  the  environments  more  or  less  unideal  which  sur- 
round us  all  in  our  daily  work. 

To  belong  to  a  profession  is  a  privilege.  It  may  or  may  not  be  as 
remunerative  as  many  lines  of  business.  That  is  neither  here  nor  there. 
The  man  should  feel  that  he  would  rather  follow  it  than  engage  in  any 
other  work — money  or  no  money.  In  a  sense  the  engineer  should  be 
made  from  the  man  who  is  good  for  nothing  else;  or,  putting  it  the  re- 
verse, he  should  be  good  for  engineering  or  architecture  and  for  nothing 
else.  To  such  an  one  the  daily  work  is  only  a  part  of  the  pleasure  of 
being  of  the  profession  he  represents.  To  take  pride  in  the  great  works 
and  achievements  of  others  laboring  in  the  same  field,  which  represent 
not  so  much  money  earned  by  the  engineer  as  great  mental  power  and 
genius, — this  is  one  of  the  emoluments  of  the  profession.  To  keep  in 
touch  with  great  feats  of  the  mind,  great  conquering  of  mind  over  matter, 
and  to  feel  that  we  are  a  part  of  the  same  profession,  contributing  our 
conscientious  daily  labor  toward  the  progress  of  the  world, — all  this 
should  be  one  of  the  distinct  aims  of  any  man,  I  believe,  in  following  a 
chosen  technical  line.  In  some  measure  this  can  be  accomplished  by  the 
individual  working  and  thinking  alone.  But  we  believe  that  being  a 
member  of  our  Society,  and  receiving  our  journal  and  attending  our 
meetings,  tends  to  keep  warm  in  a  man's  heart  the  thought  that  he  had  when 
as  a  student  at  college, — he  warmed  toward  the  other  fellow,  because  he 
was  of  his  course,  studying  his  special  studies,  bright  in  his  own  lines  of 
thought,  full  of  the  same  aspirations  in  life.  We  are  here  of  one  mind. 
We  believe  in  the  work  of  others  greater  than  ourselves,  and  in  this  we 
find  comfort.  We  are  proud  of  our  vocation,  and  we  encourage  each  other 
in  this  idea  that  in  the  professional  life  we  have  some  ideals  and  thoughts 
not  common  to  the  business  life. 

Through  the  endeavors  of  the  Membership  Committee  the  Club  has 
increased  its  roll  by  thirty-eight  new  names  during  the  past  year,  thus 
making  the  largest  advance  in  the  Club's  history. 

The  second  division  under  which  I  would  speak  of  the  work  of  the  year  is 
that  of  establishing  and  cultivating  cordial  relations  between  the  men  allied 
to  each  other  directly  or  indirectly,  and  whose  names  are  upon  our  rolls. 
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This  is  certainly  a  very  worthy  work.  I  fancy  that  technical  men  become 
reserved  in  manner  more  often  than  the  men  of  what  we  might  term  the 
talking  professions,  such  as  law,  medicine  and  the  ministry.  While  it 
probably  is  not  fair  to  say  that  the  engineer  does  more  thinking  than  the 
lawyer  or  the  minister,  he  certainly  does  do  less  talking.  To  acquire  a 
habit  of  much  thinking  and  little  talking  is,  I  think,  on  the  Darwinian 
theory,  to  render  the  individual  less  prone  to  talk  easily  and  freely  and  more 
and  more  likely  to  confine  himself  more  and  more  closely  to  the  daily  task, — 
letting  his  relations  with  his  fellow  practitioners  grow  less  and  less  cordial, 
until  he  finds  himself  almost  alone  in  his  work.  Companionship  of  the  right 
sort  of  men  in  the  same  line  is  uplifting.  It  is  encouraging.  It  is  sweetening. 
Nothing  so  dispels  the  professional  jealousies  as  this  companionship  in  a 
cordial  society.  The  rivalries  of  life  tend  to  separate  men.  In  the  business 
life  it  is  what  is  termed  competition,  meaning  generally  a  war  over  price.  In 
the  technical  professional  life  it  is  a  mental  comparison  more  often — a  silent 
battle  of  mind  against  minds,  which  is  none  the  less  acute  because  the  men 
are  reserved.  Our  club  life  has  for  one  of  its  main  objects  the  breaking  down 
of  all  these  barriers.  It  aims  to  have  its  men  frankly  know  each  other 
better,  and  as  they  learn  how  free  from  bitterness  and  even  envy  and 
conceit  the  other  is,  they  feel  kindlier  toward  all  and  more  hopeful.  I 
believe  the  saying,  "Come  with  us  and  we  will  do  you  good,"  is  a  truthful 
remark  and  represents  at  least  our  best  wishes  toward  the  men  devoted' 
to  the  technical  professions  in  Cleveland.  An  especial  effort  has  been 
made  this  year  to  make  the  meetings  attractive  from  the  social  point  of 
view.  When  we  were  in  the  Case  Building  we  had  to  adjourn  to  a  res- 
taurant in  order  to  have  a  social  gathering  after  the  literary  part  of  tie 
program.  With  our  new  rooms  it  has  been  possible  to  have  a  delightful 
lunch  served  immediately  after  the  meeting  itself,  during  which  time  we 
have  had  rare  opportunities  to  become  acquainted  and  to  welcome  visitors 
and  strangers.  I  am  sure  we  have  enjoyed  those  meetings.  The  new 
member  has  found  it  much  easier  to  know  and  be  known  by  the  men 
attending.  I  trust  that  in  the  new  year  this  social  feature  will  be  intro- 
duced where  feasible. 

A  third  division  of  the  work,  and  really  one  of  the  greatest  import- 
ance, is  the  furnishing  the  means  of  spreading  the  results  of  the  latest 
researches  amongst  the  members.  The  business  man  withholds  the  secrets 
of  his  business  to  a  great  degree  from  his  competitors.  The  professional 
man  considers  it  in  a  great  measure  unprofessional  to  keep  to  himself  ad- 
vance work  in  his  own  line  of  study.  And  is  not  this  one  of  the  great  dis- 
tinctions between  the  business  and  professional  life?  And  does  it  not  indi- 
cate a  breadth  of  thought,  a  sweet  giving  to  others  the  results  of  many 
years  it  may  be  of  careful  work.  It  is  a  matter  of  which  the  medical  pro- 
fession should  be  proud,  that,  no  sooner  does  a  surgeon  or  physician  dis- 
cover a  new  method  or  treatment  than  straightway  he  publishes  it.  His 
gain  is  professional  honor  and  recognition.  His  financial  reward  is  only 
indirect. 

And  I  believe  that  the  professional  man  so  guiding  his  career  is  him- 
self more  the  gainer  than  he  is  the  loser.  It  is  generous  to  give  freely; 
but  in  the  giving  one  becomes,  I  believe,  more  sensitively  appreciative  of 
the  results  of  others'  study.  It  is  not  an  ill  bargain  one  makes  with  the 
world  to  thus  give.      I  think  those  who  have  thus  given  to  our  Club  of 
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their  best  thought  and  experience  feel  as  I  do.  We  should  foster  this 
spirit.  Fine  rooms  are  splendid  accessories,  but  they  are  only  accessories. 
The  real  thing  is  the  work  of  the  brains  represented.  Even  the  social  life 
is  second  to  that.  As  professional  men,  we  are  professional  thinkers  and 
incidentally  doers.  But  the  doing  is  easier  than  the  thinking  in  most 
cases,  and  in  all  cases  the  thinking  is  the  result  of  the  finer  quality  of  the 
mind. 

To  encourage  fine  technical  thinking  is  a  worthy  object.  And  our 
Club  is  certainly  doing  much  to  fulfill  its  mission  if  it  shall  encourage  to 
the  utmost  all  advanced  thinkers.  It  furnishes  a  place  where  they  can 
deliver  their  views  and,  through  the  use  of  its  journal,  spread  the  subject 
matter  before  men  of  many  cities.  This  work  has  been  in  the  hands  of  a 
Program  Committee,  of  which  Mr.  Green  is  chairman,  which  has  had  entire 
charge  of  the  literary  part  of  the  year's  work.  I  will  not  refer  in  detail 
to  their  work.  It  has  seemed  admirable,  and  I  wish  publicly  to  thank 
them  for  thus  upholding  the  officers  of  the  year  in  so  signal  a  manner. 
There  is  much  missionary  work  which  might  be  done  still,  and  especially 
amongst  the  new  members.  With  the  larger  membership  comes  a  larger 
field  for  the  Program  Committee.  The  literary  part  of  the  Civil  Engi- 
neers' Club,  I  therefore  prophesy,  is  to  grow  better  and  broader  from  year  to 
year. 

The  having  of  fine  rooms  has  made  it  possible  to  entertain  the  ladies 
in  our  rooms.  This  might  properly  be  made  a  feature  of  the  work.  To 
an  extent  of  which  the  outside  public  are  hardly  aware,  the  wife  of  a 
technical  man  knows  and  feels  more  or  less  of  the  daily  work  of  the 
husband.  To  invite  the  ladies  to  occasionally  listen  to  our  papers  would, 
it  seems  to  me,  be  the  means  of  assisting  them  to  more  fully  appreciate 
their  husbands'  work.  When  we  think  of  Mr.  Roebling's  wife  assisting 
him  in  his  great  undertaking  at  his  bedside,  we  realize  what,  in  extreme 
cases,  the  wife  might  do.  At  least  to  encourage  their  coming,  and,  com- 
ing, too,  at  stated  times,  to  hear  of  engineering  matters,  is  a  matter 
I  should  like  to  see  tried.  If,  at  such  a  time,  we  all  made  it  a  point  to 
bring  our  wives,  I  am  sure  they  would  vote  the  evening  a  success.  We 
held  one  such  ineeting  at  Christmas  time,  and  it  was  a  success  from  every 
point  of  view.  I  wish  we  might  decide  at  least  to  have  a  ladies'  night  at 
the  holidays  and  make  it  a  feature  of  the  year. 

One  more  matter  I  shall  speak  of,  and  then  I  am  done.  The  library 
of  the  Club  has  been  brought  over  to  our  rooms  and  an  extra  room 
rented  and  the  libraries  of  all  the  societies  housed  there  together.  This 
is  a  most  important  advanced  step  and,  I  trust,  will  be  the  means  of  the 
books  being  more  used  than  they  have  been.  A  new  step  has  been  taken 
also  in  this  connection,  and  by  one  of  our  own  members, — Mr.  Searles. 
He  has  very  generously  donated  a  valuable  collection  of  technical  books 
to  the  Club. 

Would  it  not  be  possible  to  get  the  several  members  of  our  Society  to 
give  a  book  now  and  then  to  the  Club's  library?  I  mean,  a  book  from 
their  own  private  shelves.  A  book  perhaps  well  worn  (that  will  prove  its 
value):  perhaps  with  side  notations  or  its  pages  indicating  that  its  owner 
was  alive  and  thinking.  I  think  that  each  year  quite  a  number  of  books 
could  thus  be  added  and  would  prove  invaluable.  And  especially  might 
it  be  practical  to  urge  that  the  men  about  to  retire  ever  have  in  mind  that 
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our  library  is  a  better  place  for  technical  books  than  some  parret  or 
upstairs  hall,  as  is  the  fate  of  so  many  professional  books, — whether  on 
engineering,  architecture,  medicine,  law  or  religious  subjects. 

In  connection  with  the  library,  one  other  thought  comes  to  me: 
Would  it  not  be  possible  to  make  it  a  circulating  library  and  thus  make 
the  books  do  a  much  larger  work?  Of  course,  only  one  copy  of  a  work  is 
on  our  shelves,  and  it  therefore  might  be  out  when  called  for.  But  when 
we  consider  how  seldom  any  book  is  called  for  under  the  present  system, 
it  would  not  seem  to  be  taking  very  great  chances.  Of  all  the  library  rules 
which  work  hardship  in  both  of  our  public  libraries,  that  which  forces  the 
patrons  to  stay  in  the  rooms  in  order  to  use  the  reference  books  is  the 
greatest.  It  may  be  necessary,  although  I  should  doubt  it;  but  certainly 
very,  very  few  ever  use  the  reference  books  as  a  result.  It  would  be  better 
to  lose  a  book  now  and  then,  and  feel  that  the  rest  were  filling  a  great 
want,  than  to  debar  so  many  from  their  use.  A  tired  man  is  a  poor  one 
to  go  several  miles  after  dinner  to  a  reference  library  unless  he  is  obliged 
to,  and  who  of  us  can  take  the  time  in  daylight  to  spend  there?  In  our 
own  little  library,  would  it  be  sacrilege  to  allow  our  books  to  go  out  under 
some  simple  system?  Say  for  a  week  only,  with  power  to  renew  for  one 
week  if  no  card  is  deposited  for  it?  I  believe  it  would  in  this  way  fill  in  a 
want  which  the  two  great  libraries  seem  unable  to  meet. 

I  cannot  think  but  that  our  members  would  appreciate  it  and  would 
soon  consider  it  as  one  of  the  good  things  about  our  Club.  I  would 
respectfully  suggest  that  this  matter  be  brought  up  by  the  new  board 
and  Librarian  and  ways  be  provided  to  bring  it  about. 

Gentlemen,  the  task  of  the  officers  you  elected  a  year  ago  is  done. 
For  your  kindness  and  forbearance  during  the  year  we  thank  you.  For 
your  support  we  shall  ever  be  grateful.  And  we  trust  that,  as  the  years 
pass  on,  the  Civil  Engineers'  Club  of  Cleveland  will  grow  stronger  and 
stronger,  more  and  more  honorable  and  efficient,  until  our  Club  will  be 
counted  one  of  the  strong,  wholesome,  uplifting  institutions  of  our  beau- 
tiful Forest  City. 

Secret .\ry's  Report. 

During  the  year  the  Club  has  held  ten  regular  meetings,  eight  semi- 
monthly and  three  receptions. 

The  average  attendance  for  the  regular  meetings  has  been  24  mem- 
bers and  9  visitors;  for  the  semi-monthly  meetings  19  members  and  7 
visitors. 

The  membership  on  March  i,  1900,  consisted  of  5  honorary  members, 
22  corresponding  members,  20  associate  m.embers  and  133  active  members, 
a  total  of  180. 

During  the  year  we  have  lost  by  death  Messrs.  Roswell  H.  St.  John, 
Henry  M.  Claflin  and  Joseph  T.  Talbot,  all  active  members. 

Eight  members,  four  corresponding,  three  active  and  one  associate, 
have  resigned  and  one  active  has  been  dropped. 

Forty-seven  active  members,  one  associate  member  and  one  corre- 
sponding member  have  been  elected.  These  changes  during  the  year  left, 
on  March  i,  1901,  5  honorary  members,  19  corresponding  members,  20  as- 
sociate members  and  174  active  members,  a  total  of  218,  showing  a  net 
gain  of  38  members  over  the  list  of  March  i,  1900. 
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FINANCIAL  STATEMENT. 

BALANCES    ON    MARCH    I,    I9OO. 

Permanent  Fund $9' 5-55 

General  Fund 3ii'84 

Library  Fund 17374 

$1,401.13 

RECEIPTS,    MARCH    I,    I9OO,    TO    MARCH    I,    I9OI. 

Dues  $1728.00 

Fees   240.CO 

Library    Subscriptions 15-00 

Refunded  Postage  -60 

Western  Cement  Co.  (Journal)   3-00 

Advertising  Commission   ;o.20 

Interest    39-58 

$2,096.38 

EXPENSES. 

Periodicals    $30-65 

Printing    174-72 

Salaries  ;oo.oo 

Postage  and  Express  61.70 

Stationery,  etc   17.68 

Books    59-27 

Journal 3877S 

Rent 692.00 

Certificates   12.00 

Social  Account 328.16 

Case  Library  7S-CK) 

Furniture    23.25 

Flowers 10.00 

$2,072.18 

Net  receipts   $24.20 

BALANCES    ON     HAND    M.ARCH     I,     IQOI. 

Permanent  Fund   $1,195.13 

General  Fund   100.73 

Library  Fund 129.47 

$1,425.33 
Arthur  A.  Skeels,  Secretary. 

Report  of  the  Librarian. 
Your  Librarian  regrets  that,  owing  to  his  absence  from  the  city 
during  nearly  the  whole  year,  he  has  been  unable  to  devote  as  much 
time  to  the  library  as  he  would  gladly  have  done,  and  at  the  same  time 
he  wishes  to  express  his  gratitude  for  the  valuable  assistance  of  our 
former  Librarian,  Mr.  A.  Lincoln  Hyde,  who  has  acted  in  the  writer's 
place  during  his  absence.  Through  Mr.  Hyde,  arrangements  were  made 
for  the  transfer  of  the  Club's  library  from  its  old  quarters  in  Case  Library 


PROCEEDINGS.  45 

to  our  new  rooms  in  the  Associated  Technical  Clubs,  the  matter  having 
been  duly  proposed  at  a  meeting  of  the  Club  and  authorized  by  its  vote. 

Cases  for  the  library  were  ordered  several  months  ago,  but,  owing 
to  delay  in  their  completion  and  shipment,  they  have  only  just  been  re- 
ceived, and  within  the  last  week  the  greater  portion  of  the  books  com- 
prising our  library  have  been  put  in  place  in  them.     The  cases  which 
were   gotten   for  these  books  were  purchased  with  money  appropriated 
from  the  general  treasury  of  the  Club,  and  not  from  the  special  library 
fund,  in  order  that  the  latter  might  be  kept  intact  for  the  special  purpose 
for  which  it  was  given.     One  reason  which  made  it  desirable  to  trans  er 
the   library  at  this  time  was  that  the  subscriptions  which  were  inaugu- 
rated five  years  ago  to  this  fund  have  just  been  completed,  and  further, 
the   agreement   between   the    Case    Library    and    ourselves,    by    which    they 
were,   during  this   same  period,   to  appropriate   for  the  purchase   of  en- 
ginecrinflf  works   an   equal   amount   of  money  to   that   expended  by   the 
Civil    Engineers'    Club,   has   also   terminated.     Regarding   this   private    sub- 
scription, while  there  are  still   some  who  are  not  as  yet  amenable  to  the 
persuasion  of  your  Library  Committee  and  are  still  in  arrears  as  to  their 
last  payment,  yet  there  is  but  a  comparatively  small  sum  outstanding  as 
coming  from  those  of  whom  we  can  expect  payment,  and  the  original 
list  has  been  considerably  depleted  by  death  or  removal  from  the  city. 
In  fact,  it  was  the  observation  of  your  Committee  that  those  who  most 
earnestly   and    generously   contributed    to    this    fund,    judging   as   one    may 
from  outward  appearances,  could  hardly  be  classed  among  the  members 
best  able  to  carry  this  burden;    and  your  Committee  would  therefore  re- 
spectfully recommend,  in  view  of  the  termination  of  these  subscriptions  and 
under  the  present  good  financial  standing  of  the  Club,  that  an  appropriation 
for  the  library  be  made  from  the  general  treasury,  so  that  the  burden  may 
come  more  evenly  on  the  whole  membership  than  has  heretofore  been  the  case. 
Through   the   generosity  of  one   of  the   members   of  the   Club,  who 
always    has   had   its   interest   at    heart,   we   have   been  brought   into   the 
possession  of  some  two  hundred  engineering  volumes  of  great  interest, 
and  in  behalf  of  the   Club  your   Committee  would  again   gratefully  ac- 
knowledge this  gift  from  Mr.  W.  H.  Searles,  past  president  of  the  Club. 
Besides   important  civil  engineering  works,   there   will  be  found  among 
the   books   given   by   him  valuable   contributions   on   the    subject   of  the 
Great  Pyramid,  Transactions  of  the  Antimetric  Society,  etc.      Mr.  Eiffel, 
the  famous  engineer  and  promoter  of  the  great  tower  which  bears  his 
name  on  the  Champ  de  Mars  in  Paris,  has  presented  to  the  Club  three 
most  valuable  works,  covering  a  complete  history  of  the  design  and  erec- 
tion of  that  great  triumph  of  engineering  work. 

Your  Committee  believes  that  the  transactions  of  the  various  tech- 
nical societies  in  which  the  members  of  our  Club  are  interested  are  of 
special  value  to  our  library,  since,  in  these  transactions,  the  engineering 
topics  of  the  day  are  best  discussed  from  year  to  year,  and  since  such 
transactions  are  not  as  easily  found  or  procured  by  those  who  are  pos- 
sessed of  private  libraries  as  are  the  individual  treatises  on  these  same 
subjects,  and  it  therefore  gives  us  pleasure  to  state  that  we  have,  on  our 
shelves,  complete  to  1893  and  1896,  the  Transactions  of  the  American 
Society  of  Civil  Engineers,  the  Transactions  of  the  American  Society  of 
Mechanical  Engineers  nearly  complete,  and  it  is  needless  to  say  that  we 
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would  be  greatly  indebted  to  any  of  the  members  of  our  Club  who  may 
be  members  of  either  of  these  societies,  and  who  might  feel  disposed  to 
give  us  the  few  remaining  numbers. 

For  some  time  we  have  been  favored  with  the  reports  of  the  Chief 
Signal  Officer,  the  War  Department,  the  Secretary  of  War,  etc.,  so 
that  the  Club  now  has  245  volumes  of  these  reports.  At  the  present  time 
there  is  not  enough  room  in  our  library  to  give  them  place,  and  they 
have  therefore  been  stored  away  where  they  can  be  gotten  at  more  or 
less  readily,  and,  if  considered  important  and  if  our  quarters  will  permit, 
arrangement  will  be  made  later  for  still  more  easy  access  to  them. 

The  Club  has  subscribed  for  a  number  of  periodicals  of  literary 
interest  for  the  reading  room  of  the  Associated  Technical  Clubs,  but 
these  periodicals  have  been  paid  for  from  the  funds  of  the  Club  and  not 
from  the  library  fund. 

In  anticipation  of  the  change  from  the  Case  Library  to  our  present 
quarters,  and  in  view  of  the  fact  that  we  had,  while  there,  the  advantage 
of  so  many  engineering  works  which  are  not  the  property  of  our  Club, 
your  librarian  deemed  it  advisable  to  allow  part  of  the  money  collected 
to  remain  with  the  treasurer  unspent,  so  that  it  might  be  used  at  such  a 
time  as  the  present  for  purchasing  books  similar  to  those  now  in  the 
possession  of  the  Case  Library,  and  the  end  of  this  fiscal  year  therefore 
finds  us  with  somewhat  over  $129.47  which  can  be  used  for  this  purpose. 

Your  Committee  would  gratefully  acknowledge  the  kind  interest  of 
Dr.  Howe,  member  of  the  Library  House  Committee,  as  well  as  Mr. 
A.  Lincoln  Hyde  for  valuable  assistance  in  our  work.  We  believe  that 
the  removal  of  the  library  to  its  present  quarters  will  be  of  great  ad- 
vantage to  the  Club  and  that  the  prospects  for  the  coming  year  are 
brighter  than  ever  for  those  who  are  interested  in  our  technical  library. 

Respectfully  submitted, 

Wm.  E.  Reed,  Librarian. 

The  papers  during  the  past  year  have  been  more  than  usually  inter- 
esting and  instructive  and  of  such  variety  of  subjects  as  to  interest  all. 

Although  two  papers  per  month  were  prepared  for  the  spring  and 
early  summer  of  1900,  it  was  not  expected  to  hold  regularly  two  meetings 
per  month.  In  October,  however,  it  was  decided  that  two  meetings 
would  be  desirable,  and  from  that  time  the  Club  has  met  and  listened  to 
a  paper  twice  each  month. 

The  stereopticon  has  been  freely  used  during  the  year  and  has  proved 
a  valuable  feature  and  a  great  aid.  Of  the  sixteen  papers  presented,  eight 
have  been  illustrated  by  slides. 

During  the  summer  months  of  July  and  August,  1900,  no  meetings 
were  held,  but  an  outing  at  Beach  Park  on  July  21  was  thoroughly 
enjoyed  by  a  large  number. 

The  second  meeting  in  December,  occurring  regularly  on  Christmas 
evening,  was  postponed  until  the  evening  of  December  28  and  a  special 
Christmas  entertainment  prepared.  These  special  gatherings  of  a  social 
nature  should  be  encouraged.  One  of  the  greatest  needs  of  our  Club 
is  a  closer  social  relationship  and  a  wider  acquaintance  among  the  mem- 
bers, and  there  can  be  no  better  way  to  promote  this  than  by  occasional 
good  times  together.  The  regular  meetings  do  not  seem  to  cultivate 
this  social  spirit  to  a  sufficient  degree. 
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It  was  suggested  a  year  ago  that  a  question  box  be  established, 
wherein  questions  for  discussion  by  members  of  the  Club  could  be  placed 
by  any  member.  No  material  box  was  provided,  but  it  was  announced 
that  any  questions  addressed  to  the  Club  through  its  Secretary  or 
through  the  Program  Committee  would  be  promptly  brought  before  the 
Club  for  discussion.  The  members  have  not  availed  themselves  of  this 
feature  to  any  alarming  degree.  In  fact,  two  questions,  propounded  by 
the  same  interrogator,  have  been  the  sole  fruit  during  the  year. 

It  was  also  suggested  that  possibly  papers  would  be  more  varied  in 
interest,  and  might  be  easier  of  preparation  if  they  were  made  shorter, 
and  two  subjects  were  taken  up  at  each  meeting.  The  fact  seems 
to  be,  however,  that  any  one  preparing  upon  any  topic  finds,  when  he  has 
gathered  his  data,  that  the  diflficulty  is  in  concentrating  it  to  a  sufficient 
degree,  and  the  necessity  seldom  arises  for  increasing  the  length  or  scope 
of  a  paper  w  topic. 

Respectfully  submitted, 

Bernard  L.  Green,  Chairman. 
Treasurer's  Report. 

receipts. 
Cash  on  hand  March  i,  1900: 

Permanent  Fund  $9i5-55 

General  Fund   311-84 

Library  Fund    1/374 

$1,401.13 

Received  from  Secretary  on  account  of  Permanent  Fund  $279.58 

"  ■'  "  "  "         "    General  Fund...    1,801.80 

"    '        "  "  "  "         "   Library  Fund...        15.00 

2,096.38 

$3,497-51 

DISBURSED. 

Secretary's  vouchers  on  account  of  General  Fund,  Nos. 

lOl  to  156,  inclusive  $2,012.91 

Secretary's   vouchers  on   account  of   Library   Fund,    Nos. 

22  to  22,  inclusive  59  27 

2.072.18 

CASH   ON   HAND   FEBRUARY  28,    I9OI. 

Permanent  Fund   $i,i95i3 

General  Fund   100.73 

Library  Fund  129.47 

1,425-33 

$3,497-51 
John  N.  Coffin,  Treasurer. 

Engineers'  Club  of  St.  Louis. 

522D  Meeting,  March  6,  1901. — Held  at  1600  Lucas  Place  at  8.15  p.m.; 
Vice-President  Kinealy  presiding. 

Attendance,  twenty-five  members  and  nine  visitors. 

Minutes  of  the  521st  meeting  were  read  and  approved  with  corrections. 

Minutes  of  the  306th  meeting  of  the  Executive  Committee  were  read. 

A  communication  from  the  Finance  Committee  of  the  Public  Welfare 
Commission,  requesting  a  subscription  by  the  Club  of  $100  toward  the  ex- 
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pense  of  the  commission,  was  read.  The  Executive  Committee,  having  con- 
sidered the  matter,  recommended  that  the  objects  of  the  Club  did  not  warrant 
the  Club  to  make  an  appropriation  of  this  character,  but  that  it  would  be  well 
for  the  members  of  the  Club  to  give  the  commission  their  assistance  as  citi- 
zens. Motion  was  passed  to  adopt  the  recommendation  of  the  Executive 
Committee. 

The  members  of  the  Board  of  Managers  having  reported  to  the  Execu- 
tive Committee  a  plan  whereby  advertisements  for  the  Journal  and  Bulletin 
would  be  solicited  by  an  agent  to  be  employed  on  a  commission  basis,  the 
Executive  Committee  recommended  that  the  Club  give  the  members  of  the 
Board  of  Managers  full  power  to  put  said  plan  into  operation.  Motion  was 
passed  to  adopt  the  recommendation  of  the  Executive  Committee. 

Messrs.  W.  H.  Henby,  Truman  M.  Post  and  Louis  Bendit  were  elected 
to  membership. 

The  subject  of  the  evening  was  an  informal  address  on  "The  Develop- 
ment of  the  Steam  Engine,"  by  Prof.  J.  H.  Kinealy.  The  speaker  gave  a 
very  interesting  talk,  fully  illustrated  by  lantern  slides,  and  he  reviewed  the 
various  forms  of  engines  from  the  earliest  known  down  to  the  latest  develop- 
ments. 

Discussion  was  participated  in  by  Messrs.  Ockerson,  Bryan,  Van  Ornum, 
Borden  and  Humphrey. 

Mr.  Maltby,  for  the  Committee  on  Lantern,  reported  they  had  bought  a 
reading  lamp  for  the  meeting  room,  and  a  new  lamp  for  the  lantern,  and  had 
contracted  for  the  necessary  direct  current  for  the  lamp. 

Motion  was  carried  to  ratify  the  action  of  the  Committee  on  Lantern. 

For  the  next  meeting  announcement  was  made  of  a  paper  by  Mr.  S. 
Bent  Russell,  principal  assistant  engineer,  water  works  extension,  on  "Bank 
Revetment  Work  at  the  Chain  of  Rocks  Pumping  Station,"  illustrated  by 
lantern  slides. 

Adjourned  to  an  adjoining  room,  where  lunch  was  served. 

W.  G.  Brenneke,  Secretary. 


523D  Meeting,  March  20,  1901. — Held  at  1600  Lucas  Place  at  8.20 
P.M.;  President  Spencer  presiding. 

Twenty-four  members  and  four  visitors  were  present. 

The  minutes  of  the  522d  meeting  were  read  and  approved. 

Mr.  Flad,  Chairman  of  the  Committee  on  Lantern,  submitted  the 
formal  report  of  the  committee  to  the  Club.  As  the  committee  had 
reported  at  the  previous  meeting  and  a  motion  carried  to  ratify  the 
action  of  the  committee,  no  action  was  taken  at  this  meeting  on  the 
report. 

Professor  Van  Ornum  was  then  requested  to  take  the  chair,  and 
President  Spencer  addressed  the  Club  in  behalf  of  the  Public  Welfare 
Commission,  explaining  in  detail  the  objects  and  needs  of  the  com- 
mission, its  relation  to  the  Engineers'  Club,  and  the  work  it  had  so 
far  accomplished.  After  President  Spencer  resumed  the  chair,  Professor 
Van  Ornum  moved,  and  it  was  duly  seconded,  that  the  Executive  Com- 
mittee be  empowered  to  take  action  looking  toward  the  subscription, 
by  the  Club  as  individual  members,  to  the  amount  desired  by  the  com- 
mission. Mr.  Flad  moved  as  a  substitute  that  the  Executive  Committee 
be  directed  to  pay  the  $100  assessed  against  the  Engineers'  Club  out  of 
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the  Eiitcrlaininciit  I-'und.  Mr.  Ronton  objected,  as  this  was  a  trust  fund, 
and  he  thought  its  use  was  restricted.  Mr.  Wliecler  stated  that  the 
American  Society  of  Mechanical  Engineers  turned  this  fund  over  to  the 
Club  in  trust  without  any  restrictions.  After  considerable  discussion, 
Mr.  Flad's  motion  was  voted  upon  and  carried. 

The  subject  of  the  evening  was  an  informal  address  by  Mr.  S.  Bent 
Russell  on  "Revetment  of  River  Bank  at  the  Chain  of  Rocks  by  the  St. 
Louis  Water  Department."  Maps  and  general  plans  were  exhibited 
showing  the  conditions  and  scheme  of  construction.  Lantern  slides  were 
also  exhibited,  showing  the  progress  of  the  work  at  different  times,  the 
plant  used  in  the  work,  etc.  The  work  is  estimated  to  cost  when  com- 
plete about  $8o,ooG,  and  has  extended  over  a  period  of  about  four  years. 
The  bank  protected  is  about  6000  feet  long  and  from  25  to  30  feet  in 
vertical  height.  The  points  of  greatest  interest  are  the  use  of  gravel 
concrete  in  the  place  of  the  usual  rip-rap  on  the  upper  bank,  and  the 
method  used  to  prevent  the  revetment  being  undermined  at  the  toe  of 
the  slope  where  the  work  rested  on  soft  material.  These  methods  in- 
clude rip-rap  dikes,  brush  mattresses,  and  aprons  made  of  sawed  lumber 
bound  together  with  wire  cable  and  sunk  with  rip-rap.  Another  point 
of  interest  is  the  treatment  of  the  bank  where  it  showed  a  disposition  to 
slide  or  slough  off. 

Discussion  followed  by  Messrs.  Maltby  and  Turner. 

For  the  next  meeting  announcement  was  made  of  a  paper  by  Mr. 
Louis   Bendit  on   "Treatment  of   Feed  Water  for  Boilers." 

Adjourned  to   library   room,   where   lunch   was   served. 

E.  B.  Fay,  Secretary  pro  tern. 


Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting.  March  i,  1901. — Called  to  order  at  8.30  p.m.  by 
President  Marx. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Chas.  M.  Kurtz  read  a  carefully  prepared  paper  before  the  Society, 
embodying  a  "Review  of  the  Various  Methods  of  Concrete  and  Iron  Con- 
struction used  during  the  Last  Decade,"  which  subject  was  discussed  at 
length  by  Messrs.  Keating,  Wing.  Prutzman.  Wagoner  and  others. 

Meeting  thereupon  adjourned. 

Otto  von  Geldern.  Secretary. 


Regular  Meeting.  San  Francisco.  Cal.,  April  5,  1901. — Called  to 
order  at  8.30  p.m.  by  President  Marx.  The  minutes  of  the  last  regular  meet- 
ing were  read  and  approved. 

The  following  names  were  added  to  the  membership  upon  regular  count 
of  ballots : 

Member — Chas.  Albert  de  St.  Maurice,  civil  engineer,  of  Eldridge,  Cat. 

Junior  Member — James  D.  Mortimer,  instructor  in  electrical  engineering, 
University  of  California. 

Associate  Member — Milo  Hoadley,  of  San  Francisco. 

The  following  name  was  proposed : 

A.  S.  Riffle,  civil  engineer,  of  San  Francisco,  by  D.  C.  Henny,  Otto  von 
Geldern  and  Adolf  Lietz. 
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Professor  Ehvood  Mead,  of  the  University  of  California,  then  addressed 
the  Society  on  the  subject  of  "Irrigation  in  California,"  which  was  discussed 
by  many  members  present. 

The  President  suggested  that  the  Technical  Society  act  in  conjunction 
with  the  Water  and  Forest  Association,  and  that  steps  be  taken  to  perfect 
some  action  of  this  character. 

A  motion  was  made  by  Mr.  Henny  that  the  Chair  appoint  a  committee 
to  confer  with  the  Water  and  Forest  Association  in  the  work  now  carried  on 
in  this  State,  and  that  the  President  be  an  ex-officio  member  of  such  com- 
mittee, consisting  of  five  members.  Motion  was  carried,  and  the  Chairman 
announced  that  he  would  appoint  this  committee  at  the  next  Director's  meet- 
ing. 

On  motion,  a  vote  of  thanks  was  passed  by  the  Society,  expressing  the 
full  appreciation  of  its  members  to  Professor  Elwood  Mead  for  his  courtesy 
in  lecturing  on  the  important  subject  of  "Irrigation  in  California." 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Engineers'  Club  of  Cincinnati. 


I2IST  Regular  Meeting,  Cincinnati,  Ohio,  February  21,  1901. — Dinner 
was  served  at  6.15  p.m. 

The  regular  meeting  was  called  to  order  at  7.15  p.m.  Vice-President 
Bogen  in  the  chair. 

There  were  eighteen  members  present. 

Minutes  of  the  meeting  of  January  17  were  read  and  approved. 
.Application    for    active    membership    was    presented    by    Mr.    A.    N. 
Miller. 

On  ballots  being  taken,  Messrs.  R.  J.  Devenish  and  John  P.  Brooks 
were  elected  active  members  and  Mr.  Guy  M.  Gest  was  elected  an  asso- 
ciate  member. 

The  committee  appointed  to  prepare  memoir  of  Sherman  E.  Burke, 
presented  the  same,  which  was  ordered  received  and  spread  on  the 
minutes   of  the   Club. 

Mr.  Frank  L.  Fales  read  the  paper  for  the  evening,  on  "Water 
Purification  and  Sewage  Disposal  at  the  Lawrence  Experiment  Station." 

After  a  short  discussion  of  the  subject  and  a  vote  of  thanks  to  Mr. 
Fales  for  his  paper,  the  Club  adjourned. 

J.  F.  Wilson,  Secretary. 


Engineers'  Society  of  Western  New  York. 


Regular  Meeting,  March  5.  1901. — Meeting  called  to  order  at  8  p.m.  ; 
the  President  in  the  chair.  The  following  members  present :  Messrs.  Haven, 
Knighton,  Knapp,  Booz,  Fell,  Fruauff,  Bardol,  Tutton,  Whitford,  Tresise, 
Rogers,  Babcock,  Rockwood,  Roberts,  Weston,  Diehl,  Kielland,  Norton. 
Buttolph,  Vander  Hoek.  McKeown,  Morse  and  several  visitors. 

Applications  for  associate  were  read  from  the  following :  William 
Franklin  and  John  Feist.  It  was  voted  that  the  applications  be  approved  and 
letter  ballot  ordered. 
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It  was  moved  by  Mr.  Knighton,  and  seconded  by  Mr.  Diehl  that  Mr. 
Ricker  be  requested  to  rewrite  his  paper  on  Docks  and  resubmit  it  to  the 
Society,  and  that  the  paper  and  discussion  be  published  in  the  Journal  of  the 
Associ.\TioN  OF  Engineering  Societies.     Carried. 

The  Executive  Board  reported  that  they  would  send  out  the  following 
letter  to  various  Engineers,  Societies,  etc. : 

Engineers'  Society  of  Western  New  York, 
975  Ellicott  Square, 

Buffalo,  N.  Y.,  March  12,  1901. 
The  Pan-American  Exposition  to  be  held  in  this  city  the  present  year 
will  offer  much  of  interest  to  Engineers. 

We  regret  that  the  plan  proposed  for  a  separate  engineering  exhibit  has 
been  found  impracticable. 

The  Engineers'  Society  of  Western  New  York  desires  to  extend  to  visit- 
ing Engineers  every  possible  courtesy.  Its  rooms  are  most  centrally  located 
in  the  Ellicott  Square  Building.  The  headquarters  of  the  Exposition,  tele- 
graph office,  telephone  station,  restaurant,  etc.,  are  in  the  building. 

During  the  Exposition  our  rooms  will  be  open  during  the  day,  and  we 
extend  a  most  cordial  invitation  to  the  members  of  your  Society  and  all  visit- 
ing engineers  to  make  use  of  them  while  in  Buffalo. 

Your  mail  addressed  care  of  "Engineers'  Society  of  Western  New  York, 
No.  975  Ellicott  Square,"  will  be  cared  for,  and  information  gladly  furnished 
regarding  the  Exposition  and  other  points  of  interest  to  engineers  in  the  city 
and  vicinity. 

A  stenographer  will  be  in  attendance,  whose  services  may  be  procured 
by  visiting  engineers. 

Meetings  of  the  Society  are  held  the  first  Tuesday  in  each  month,  at 
which  all  visiting  engineers  will  be  most  heartily  welcomed. 

Yours  respectfully, 

William  A.  Haven, 
Prest.  Engrs.'  Soc.  W.  N.  Y. 

The  Executive  Board  reported  the  election  of  the  following  gentlemen: 
As  members,  Stanley  W.  Hayes  and  Edward  Denison  Hooker;  as  associates, 
Leslie  J.  Bennett  and  Warren  Rodney. 

It  was  moved  by  Mr.  Knighton  and  seconded  by  Mr.  Norton  that  a 
special  invitation  be  sent  to  the  new  members,  and  some  little  extra  exertion 
made  to  become  acquainted  with  and  to  entertain  them.     Carried. 

Mr.  Neher  read  a  paper  on  concrete  construction. 

Mr.  Neher's  paper  was  discussed  by  Messrs.  Diehl,  Haven,  Knighton, 
Vander  Hoek,  Tutton,  Rockwood  and  Norton,  and  the  author. 

Meeting  adjourned  at  10.30  p.m. 

G.  C.  Diehl,  Secretary. 


Engineers'  Club  of  Miiiiieapolis. 


141ST  Meeting,  February  18,  1901. — The  meeting  was  held  in  con- 
nection with  a  dinner  at  the  Commercial  Club. 

The  Club  listened  to  reports  and  addresses  by  the  outgoing  officers  : 
Geo.  W.  Sublette,  President;  W.  W.  Redfield,  Librarian;  H.  E.  Smith, 
Secretary-Treasurer;  Geo.  D.   Shepardson,  member  Board  of  Managers  of 
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Association  of  Engineering  Societies.  Also  addresses  by  incoming  officers : 
W.  W.  Redfield,  President;  C.  L.  Pillsbury,  Vice-President;  J.  E.  Carroll, 
Librarian ;  Edward  P.  Burch,  Secretary-Treasurer ;  Wm.  R.  Hoag,  member 
Board  of  Managers  of  Association  of  Engineering  Societies. 

Col.  J.  T.  Fanning,  who  was  present  as  a  guest  of  the  Society,  gave  an 
interesting  address  on  "Engineering  in  the  Last  Century."  Past  Vice- 
President  Irving  E.  Howe  and  others  also  spoke  informally. 

Mr.  Fanning  was  unanimously  elected  an  honorary  member  of  the  Club. 


142D  Meeting,  March  18,  1901. — The  meeting  was  held  in  connection 
with  a  dinner  at  the  Guaranty  Restaurant. 

The  following  new  members  were  unanimously  elected :  Messrs.  C.  H. 
Chalmers,  Edwin  R.  Williams,  P.  P.  Crafts,  James  Gillman,  F.  B.  Slocum. 
The  following  names  were  proposed  for  membership :  Frank  H.  Nutter, 
Wm.  Robertson,  Frank  E.  Reidhead. 

Mr.  W.  S.  Pardee  presented  a  lecture  on  "Methods  in  Scientific  Study," 
which  proved  to  be  of  great  interest  to  the  Society. 

Bills  before  the  Legislature  for  State  Aid  for  Good  Roads  and  for 
Licensing  of  Bicycles  were  called  to  the  attention  of  the  Club  by  the  Presi- 
dent. A  committee  was  appointed  to  act  with  a  committee  from  the  Civil 
Engineers'  Society  of  St.  Paul,  and  to  take  such  action  as  seemed  necessary 
to  push  certain  worthy  bills  through  the  Legislature.  Prof.  Wm.  R.  Hoag, 
Geo.  W.  Sublette  and  W.  S.  Pardee  are  on  this  committee. 

Edw.ard  p.  Burch,  Secretary. 
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Ensmeers'  Society  of  Western  New  York. 


Regular  Meeting,  April  2,  1901. — The  meeting  was  called  to  order 
at  8.30  P.M.,  the  President  in  the  chair.  The  following  members  present: 
Messrs.  Haven,  Tutton,  Buttolph,  Knapp,  Vander  Hoek,  Booz,  Boardman, 
Hooker,  Ricker,  Babcock.  March,  Fruaff,  Knighton,  Diehl,  Norton,  Rog- 
ers, Bardol.  Weston  and  Caines.  Visitor,  Mr.  Holmes,  of  the  Engineers' 
Society  of  Western  Pennsj'lvania. 

It  was  voted  that  the  minutes  of  the  last  regular  meeting  be  approved 
as  printed. 

Mr. Tutton,  member  of  the  Board  of  Managers,  made  a  report. 

Application  for  membership  was  received  from  Mr.  James  Leland 
Averill,  and  it  was  voted  that  the  same  be  accepted  and  submitted  to  letter 
ballot. 

The  Secretary  reported  that  the  Society  had  elected  as  Associates. 
Messrs.  John  Feist  and  William  Franklin. 

The  President  said  that  there  seemed  to  have  been  some  misunder- 
standing how  to  vote  on  the  new  form  of  ballot  which  was  used  for  the 
first  time  in  January.  It  was  unanimously  voted  by  the  Society  to  tem- 
porarily suspend  so  much  of  the  By-laws  as  relates  to  the  reapplications 
of  persons  not  elected  on  letter  ballots  canvassed  January  2,  1901,  and 
that  the  Secretary  be  instructed  to  send  out  letter  ballots  for  Horace  P. 
Chamberlain  and  Eugene  C.  Hanavan. 

Mr.  March,  the  Committee  appointed  on  the  matter  of  the  Society 
joining  the  International  Association  for  Testing  Materials,  made  a  re- 
port, which  was  briefly  discussed  by  Messrs.  Ricker,  Tutton,  Knighton  and 
Diehl.  It  was  then  voted  to  accept  the  report  and  discharge  the  Com- 
mittee. It  was  also  voted  that  the  subject  matter  be  left  to  the  discretion 
of  the  Librarian,  with  power. 

The  President  reported  that  the  Secretary  had  sent  out  a  large  num- 
ber of  the  ''Pan-American  Circulars"'  to  engineering  societies  in  North 
and  South  America,  and  to  some  parts  of  Europe.  The  Secretary  read 
several  letters  which  had  been  received  in  response  thereto,  all  of  which 
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thanked  the  Society  for  their  courtesy,  and  said  they  would  avail  them- 
selves thereof. 

The  President  then  said  it  would  be  necessary  to  have  a  large  Com- 
mittee on  Reception  of  Visiting  Engineers.  Thereupon  it  was  unani- 
mously voted  that  the  President  should  appoint  a  Committee  of  seventeen- 
or  more  members  as  a  Reception  Committee. 

The  President  appointed  the  following  as  such  Committee: 

George  A.  Ricker,  Past  President;  Wallace  C.  Johnson,  Past  Presi- 
dent; Thomas  W.  Symons.  Honorary  Member;  Harry  B.  Alverson^ 
F.  V.  E.  Bardol,  George  B.  Bassett,  W.  A.  Brackenridge,  Newcomb 
Carlton,  David  A.  Decrow,  Samuel  J.  Fields,  William  Franklin,  E.  F. 
Gaskin,  Marvine  Gorham,  Edward  B.  Guthrie,  Richard  Hammond,  Wil- 
liam C.  Houck,  S.  M.  Kielland,  Clarence  C.  Lewis,  Harry  J.  March,  Dr. 
Truman  J.  Martin,  Charles  M.  Morse,  Charles  Mosier,  Maurice  B.  Patch, 
J.  Vander  Hoek,  J.  F  Witmer,  and  all  the  members  of  the  Executive 
Board  without  special  appointment. 

Discussion  was  then  had  upon  Mr.  Ricker's  paper  on  "Docks." 

The  President  welcomed  Mr.  Holmes,  of  the  Engineering  Society 
of  Western  Pennsylvania,  who  replied:  In  coming  to  the  meeting  of  the 
Society  to-night  I  did  not  expect  to  be  called  upon  to  make  a  speech. 
I  appreciate  the  honor  of  being  invited,  and  congratulate  you  on  the 
manner  in  which  I  have  been  received.  If  you  treat  every  visitor  the 
same  as  you  have  treated  me,  they  will  surely  come  again.  I  have  the 
honor  of  belonging  to  the  Western  Pennsylvania  Society  of  Engineers 
and  we  have  four  hundred  members  in  Pittsburg.  We  have  a  house,  the 
first  floor  of  which  is  rented.  We  have  our  rooms  on  the  second  and 
third  floors,  which  contain  the  reception  room,  a  library,  a  large  hall 
for  meetings  and  other  rooms.  We  would  like  to  have  a  better  house, 
and  are  trying  to  get  it.  We  have  meetings  every  month,  and  in  summer 
have  a  trip  by  boat,  and  in  the  winter  a  banquet.  We  had  a  banquet  in 
February  last,  at  which  time  we  probably  had  300  or  400  members  with 
their  friends.  Otir  membership  is  made  of  engineers  from  the  Carnegie, 
Jones  &  Laughlin,  the  Wesfcinghouse  interests  and  manufactories  in  the 
city.  We  number  among  our  members  such  men  as  William  Metcalfe, 
Thomas  F.  Johnson,  of  the  Pennsylvania  lines,  etc.  Our  former  Secretary 
was  Reginald  D.  Fessenden,  who  had  charge  of  the  Wireless  Telegraphy 
experiments  for  the  Government. 

I  notice  on  your  walls  a  number  of  photographs  of  Pittsburg.  Among 
them  the  skeleton  of  the  Carnegie  Building.  Mr.  Frick  is  building  an 
office  building  of  about  the  same  size.  Back  of  this  bttilding  is  the  Fifth 
Avenue  Hill.  We  hope  in  time  to  have  this  hump  cut  down,  when  they 
will  have  two  additional  stories.  On  the  lot  there  used  to  stand  an  old 
stone  church,  built  a  great  many  years  ago.  The  church  was  taken  down, 
each  stone  marked  and  put  up  in  the  same  manner  as  in  the  original  building. 

If  any  of  the  members  of  this  Society  come  to  Pittsburg  we  would  be 
glad  to  have  you  make  use  of  our  rooms. 

The  President. — What  is  the  population  of  Pittsburg? 

Mr.  Holmes. — Pittsburg  and  Allegheny,  400,000.  We  should  take  in 
more  territory.  We  should  take  in  McKeesport,  Braddock,  Wilkens  and 
East  Pittsburg,  when  the  population  would  be  very  much  larger.  Alle- 
gheny, just  across  the  river,  should  be  in  Pittsburg. 
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The  President. — Mow  long  has  tlie  Society  been  organised? 

Mr.  Holmes. — About  twenty-one  years  at  the  last  annual  meeting,  I 
think. 

The  President. — You  say  you  have  400  or  500  members? 

Mr.  Holmes.— I  am  not  sure  of  the  exact  number,  but  I  think  it  is 
between  these  figures. 

Mr.  No-rton. — I  think  at  the  January  meeting,  the  President  in- 
cidentally said  that  we  have  no  quicksand  in  Buffalo.  Test  borings  were 
taken  by  Mr.  Caines  for  the  purpose  of  finding  out  the  soil  to  be  en- 
countered in  building  the  abutments  for  a  bridge  on  South  Michigan 
street.  We  found  what  could  be  called  quicksand.  This  sand  I  dried 
out  and  have  tried  it  on  a  No.  50  sieve,  and  there  was  no  perceptible 
amount  retained.  On  a  No.  100  sieve  there  was  ^  of  i  per  cent,  re- 
tained and  on  a  No.  200  sieve  there  was  only  about  25  per  cent,  re- 
tained, making  that  sand,  on  a  sieve  test,  finer  than  the  tests  for  Port- 
land cement.  It  was  a  pure  quartz  sand  if  that  would  be  called  quick- 
sand.    Is  quicksand  composed  simply  of  quartz? 

Mr.  Tutton. — A  great  deal  of  information  on  this  subject  is  con- 
tained in  a  discussion  which  took  place  before  the  American  Society  on 
Mr.  Landreth's  paper  on  the  Erie  Canal,  and  there  was  a  great  variety 
of  opinion — one  member  claiming  there  was  no  quicksand  unless  it 
possessed  that  peculiar  property  of  "quaking,"  etc.  The  decision  arrived 
at  was  that  quicksand  was  pure  quartz  sand  in  which  the  particles  were 
worn  round,  the  actual  fineness  of  the  sand  had  nothing  to  do  with  it.  I 
am  not  sure  that  I  am  quoting  these  conclusions  right,  and  would 
refer  you  to  that  paper,  giving  the  best  information  on  quicksand  outside 
of  Mc.Alpine's  writings  on  it. 


Boston  Society  of  Civil  Eng-iiieers. 


Boston,  Mass.,  April  17.  1901. — xA  regular  meeting  of  the  Boston  So- 
ciety of  Civil  Engineers  was  held  at  Chipman  Hall.  Tremont  Temple,  at  7.50 
P.M. ;  President  Lawson  B.  Bidwell  in  the  chair.  Fifty-five  members  and 
visitors  present. 

The  record  of  the  annual  meeting  of  March  20,  1901,  was  read  and  ap- 
proved. 

Messrs.  Charles  M.  Spofford,  Herbert  R.  Stearns  and  Frank  W.  Upham 
were  elected  members  of  the  Society. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  voted 
to  continue  the  same  special  committees  of  the  Society  as  last  year,  and  that 
the  membership  thereof  had  been  selected  as  follows : 

Committee  on  Quarters — Desmond  FitzGerald,  E.  W.  Howe,  C.  Frank 
Allen.  E.  W.  Bowditch  and  H.  Bisscll. 

Committee  on  the  Library — L.  F.  Cutter.  F.  P.  McKibben.  F.  H.  Fay, 
A.  D.  Flinn  and  H.  F.  Bryant. 

Committee  on  Excursions — J.  R.  Burke,  Theodore  Horton,  J.  Albert 
Holmes,  H.  K.  Higgins  and  H.  D.  Woods. 

Members  of  the  Board  of  Government,  Association  of  Engineering  So- 
cieties— S.  E.  Tinkham,  J.  R.  Freeman,  Henry  Manley,  Fred.  Brooks  and 
Dexter  Brackett. 
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A  committee,  consisting  of  L.  F.  Rice,  Desmond  FitzGerald  and  Henry 
Manlcy,  was  also  appointed  to  petition  the  (ieneral  Court  for  authority  to 
hold  real  and  personal  estate  in  excess  of  $20,000. 

A  communication  was  read  from  the  Engineers'  Society  of  Western  New 
York,  extending  a  cordial  invitation  to  the  members  of  this  Society  to  make 
use  of  the  rooms  of  the  Engineers'  Society  of  Western  New  York  during  the 
Pan-American  Exposition.  The  Secretary  was  directed  to  acknowledge  the 
receipt  of  the  invitation  and  to  express  the  appreciation  of  the  Society. 

Mr.  W.  W.  Cummings  read  the  paper  of  the  evening  entitled,  "Subaque- 
ous Tunnels  for  Gas  Conduits."  The  paper  was  illustrated  by  stereopticon 
views.  In  the  discussion  which  followed,  Mr.  Carson  spoke  briefly  of  the 
tunnels  built  for  the  Metropolitan  Sewerage  Works,  and  of  the  work  which 
had  been  accomplished  on  the  East  Boston  Tunnel,  and  Mr.  Saville  of  the 
tunnel  recently  completed  for  the  Metropolitan  Water  Board  under  Mystic 
River  at  Chelsea  North  Bridge. 

Mr.  Robert  A.  Shailer,  President  of  the  Boston  Tunnel  Construction 
Company,  the  contractors  for  the  East  Boston  tunnel,  gave  some  interesting 
experiences  of  the  use  of  compressed  air  in  tunnel  work,  speaking  particularly 
of  the  work  at  Cleveland,  Ohio. 

Adjourned.  S.  E.  Tixkh.xm,  Secretary. 


Engineer;"!'  Club  of  Minneapolis. 


The  143d  regular  meeting  of  the  Club  was  held  at  8  p.m.,  on  April  15,  at 
its  permanent  quarters  in  the  County  Commissioner's  rooms  in  the  County 
Court  House. 

Thirteen  members  and  eight  visitors  present. 

After  the  usual  order  of  business  was  disposed  of,  a  paper  was  pre- 
sented by  Col.  J.  T.  Fanning,  entitled  "Canals  and  Canal  Devices." 

A  second  paper  was  presented  by  Mr.  E.  H.  Tromanhauser,  on  "Grain 
Elevator  Construction." 

These  papers  were  of  great  interest  to  the  members.  The  first  was 
historical  in  nature;  the  second  was  on  up-to-date  steel  elevator  design 
construction, — a  subject  of  great  local  interest. 

The  discussion  of  the  papers  was  deferred  one  month. 

Edward  P.  Burch,  Secretary. 


Eng-ineers'  Club  of  Cincinnati. 


I22D  Regular  Meeting,  Cincinnati,  Ohio,  March  21,  1901. — Dinner 
was  served  at  6.15  p.m. 

The  regular  meeting  was  called  to  order  at  8  p.m.,  Mr.  A.  O.  Elzner  in 
the  chair,  and  fifteen  members  present. 

Minutes  of  the  meeting  of  February  21  were  read  and  approved. 

On  ballot  being  taken,  Mr.  Alex.  H.  Miller  was  elected  an  Active 
Member. 

The  following  question  was  presented: — 

What  kind  of  explosives  do  you  prefer  for  blasting  in  the  following 
kinds  of  material? 

Solid  rock,  quarried  for  building. 
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Sitlid  rock,  lor  rcinoviiiR  only. 

Loose  rock  and  shale. 

I  lard  pan  and  cemented  gravel. 

Loose  sand  and  gravel. 

On  motion,  the  same  was  ordered  announced  for  discussion  at  the 
next  meeting. 

Mr.  E.  E.  Russell  Tratman,  Resident  Editor  Engitiecring  News,  at 
Chicago,  who  was  visiting  the  city  in  the  interest  of  his  paper,  and  who 
liad  been  invited  to  attend  the  meeting,  favored  the  Club  with  a  few 
remarks,  principally  on  the  subject  of  water  works,  as  he  had  visited 
during  the  day  the  work  being  done  at  California  for  the  new  plant 
for  the  Cincinnati  water  supply. 

The  paper  for  the  evening  was  read  by  Mr.  M.  D.  Burke,  on  "Inland 
Transportation  in  the  Mississippi  Valley." 

J.  F.  \ViLSON,  Secretary. 

Eugiueer.s'  Club  of  St.  Tjouis. 


524T11  Meeting,  April  3.  1901. — Held  at  1600  Locust  street,  at  8.20 
P.M.,  Vice-President  Kincaly  presiding. 

The  minutes  of  the  523d  meeting  were  read  and  approved. 

Motion  was  made  and  carried  to  reconsider  the  action  of  the  Club 
at  the  last  meeting,  in  which  it  was  decided  that  the  Executive  Committee 
be  directed  to  pay  the  $100  assessed  against  the  Engineers'  Club  by  the 
Public  Welfare  Commission,  same  to  be  paid  out  of  the  Entertainment 
Fund.  After  considerable  discussion  of  the  matter,  it  was  finally  decided, 
upon  motion  being  carried,  to  lay  the  matter  on  the  tal)le. 

The  application  for  membership  of  Mr.  Rudolph  Howard  Klauder 
was  read. 

The  subject  of  the  evening  was  a  paper  by  Mr.  Louis  Bcndit,  entitled 
"Treatment  of  Feed  Water  for  Boilers."  Mr.  Bendit  paid  particular 
attention  to  the  various  methods  of  treating  hard  waters  for  use  in  boilers, 
and  presented  considerable  data  upon  the  same. 

Discussion  was  participated  in  by  Messrs.  Wheeler,  Bryan,  Freeman 
and  Professor  Keiser,  Professor  of  Chemistry  at  Washington  University. 

Adjourned  to  Library  room,  w^hcre  lunch  was  served. 

W.  G.  Brenneke,  Secretary. 

525111  Meeting,  April  17,  igoi. — Held  at  1600  Locust  street,  at  8.20 
P.M.,  President  Spencer  presiding. 

Twenty-five  members  and  five  visitors  were  present. 

The  minut-es  of  the  S24th  meeting  were  read  and  approved,  the  doings 
of  the  308th  meeting  of  the  Executive  Committee  were  reported. 

Mr.  Rudolph  Howard  Klauder  was  duly  elected  to  membership. 

The  matter  of  the  assessment  of  $100  against  the  Club  by  the  Public 
Welfare  Commission  then  came  up. 

Moved  by  Professor  Van  Ornum  and  seconded  by  Mr.  Flad,  "that  the 
matter  be  referred  to  the  Executive  Committee  with  power  to  act." 

Mr.  Wheeler  spoke  against  the  motion  and  advocated  delaying  action 
until  a  better  representation  of  members  could  be  secured. 

Mr.  Reber  spoke  in  favor  of  definite  action  at  once,  and  was  in  favor 
of  making  the  appropriation. 
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Mr.  Flad  then  withdrew  his  second  to  Professor  Van  Ornum's 
motion. 

Mr.  Reber  then  moved  "that  the  St.  Louis  Engineers'  Club  contrib- 
ute $ioo  to  the  Public  Welfare  Commission." 

Mr.  Flad  seconded  the  motion. 

President  Spencer,  the  Club's  representative  on  the  Public  Welfare 
Commission,  then  spoke  on  the  subject.  He  explained  that  Professor 
Chaplin,  when  President,  had  appointed  him  as  the  club's  representative 
on  the  Commission,  and  how  other  representatives  were  appointed.  He 
also  said  it  was  thought  at  that  time  that  the  various  members  of  the 
Commission  would  need  do  nothing  more  than  contribute  their  labor  in 
behalf  of  the  Commission.  In  the  meantime,  it  has  been  found  that 
considerable  expense  has  accrued,  and  it  is  necessary  to  meet  the  same. 
At  the  same  time,  he  explained,  the  Club  was  not  bound  in  any  way  to  pay 
the  assessment  made,  but  that  he  knew  that  three  of  the  organizations  ap- 
pealed to  had  contributed,  and  most  of  the  others  had  probably  done  so. 

Mr.  Reber  then  withdrew  his  motion. 

Professor  Van  Ornum  then  moved  "the  Club  ask  for  the  money,  the 
same  to  be  paid  in  such  manner  as  the  Executive  Committee  may  decide." 

Seconded  by  Mr.  Bryan. 

Amended  by  Mr.  Flad  "to  refer  the  whole  matter  to  the  Executive 
Committee." 

The  following  letter  was  then  read  by  the  Secretary: 

St.  Joseph,  Mo.,  April  15. 
Mr.    VV.   G.   Brenneke,  Secretary  Engineers'   Club,   Fullerton  Building,   St. 

Louis,  Mo. 

Dear  Sir:  I  have  your  notice  of  the  13th,  with  regard  to  the  next 
meeting  of  the  Club,  to  be  held  on  Wednesday  evening,  and  regret  exceed- 
ingly that  I  will  not  be  able  to  be  present  to  record  my  vote  against  the 
diversion  of  any  portion  of  the  entertainment  fund  as  a  subscription  to 
aid  the  Public  Welfare  Commission  in  their  work. 

As  I  have  not  been  present  at  any  of  the  recent  meetings  of  the  Club, 
I  don't  know  anything  about  the  Public  Welfare  Commission,  nor  its 
purposes;  they  may  be  the  best  in  the  world,  and  it  may  be  that  it  might 
be  well  for  the  Club  to  subscribe  to  help  out  the  work,  though  I  am 
inclined  to  think  that  the  Executive  Committee's  recommendation  that 
the  objects  of  the  Club  did  not  warrant  their  making  an  appropriation  of 
this  character,  is  the  correct  view  to  take  of  the  case,  especially  if  the 
Commission  is,  as  I  suppose,  of  a  political  character;  of  this,  however,  I 
am  not  certain. 

So  far  as  the  entertainment  fund  is  concerned,  this  was  set  apart  by 
the  Club  when  I  was  an  active  member,  and  I  think  when  I  was  a  member 
of  the  Executive  Committee,  for  a  definite  purpose;  and  my  recollection 
is  that  the  bulk  of  the  fund  as  it  is  now  constituted,  was  a  special  gift  to 
the  Club  for  the  purpose  of  entertainment  of  distinguished  engineers 
visiting  the  city,  and  the  Club  certainly  has  no  right  to  divert  this  gift 
to  any  other  use. 

I  will  be  very  much  obliged,  if  the  matter  comes  up  at  the  next  meet- 
ing and  is  discussed,  if  you  will  read  my  letter,  or  have  it  read,  as  a  part 
of  the  discussion,  and  as  expressing  the  views  of  one  of  the  Past  Presi- 
dents of  the  Club.  Yours  truly,  Ben.  L.  Crosby. 
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Amendment  seconded  and  carried. 

The  subject  of  the  evening  was,  "Some  Notes  on  Roofs  and  Roofing 
Materials." 

Mr.  W'hcolcr  I'.ivided  roofing  into  four  great  classes, — viz.,  Felts, 
Woods,  Metals  and  Silicates.  The  felts  were  divided  into  tarred  felts, 
gravel,  ready  rock  and  ruberoid.  The  woods  were  divided  into  boards, 
slabs  and  shingles.  The  metals  into  corrugated  iron,  tin,  lead  and  copper. 
The  silicates  were  divided  into  mud,  slate  and  tiles. 

The  advantages  and  disadvantages  of  each  kind,  when  laid  in  flat  or 
pitch  roofs  or  both,  together  with  costs  and  weights  per  square,  and 
durability,  were  discussed.  The  costs  given  did  not  include  that  of  sup- 
porting material. 

There  were  also  i-)rescnlcd  a  number  of  samples  of  shingle  and  inter- 
locking tiles,  and  a  number  of  illustrations  showing  tile  roofs. 

The  Chair  announced  his  resignation,  for  business  reasons,  as  a 
member  of  the  Committee  on  Filtration,  and  also  announced  the  appoint- 
ment of  Professor  W.  S.  Chaplin  as  his  successor. 

Adjourned  to  Library  room,  where  lunch  was  served. 

W.  G.  Brenneke,  Secretary. 
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Engineers'  Club  of  St.  Louis. 


S26TH  Meeting,  May  i,  1901. — Held  at  1600  Locust  street,  at  8.20  p.m.; 
Vice-President  Kinealy  presiding. 

Twenty  members  and  five  visitors  present. 

The  minutes  of  the  525th  meeting  were  read  and  approved,  the  minutes 
of  the  309th  meeting  of  the  Executive  Committee  were  reported. 

The  application  of  Mr.  Ernest  C.  F.  Koken  was  read  and  referred  to  the 
Executive  Committee. 

The  subject  of  the  evening  was  an  account  by  Mr.  Flad  of  his  recent  trip 
to  Europe,  illustrated  by  lantern  slides  of  kodak  snap  shots  taken  by  him 
during  the  trip.  Among  the  views  shown  were  many  of  the  different  filtration 
plants  which  he  visited,  some  of  these  plants  being  in  successful  operation 
and  some  in  process  of  construction,  all  of  which  were  described  in  more  or 
less  detail. 

The  following  Committee  on  Prizes  was  announced :  B.  H.  Colby,  chair- 
man ;  J.  A".  Ockerson,  Carl  Gayler,  W.  A.  Layman,  E.  R.  Fish. 

The  Chair  announced  as  the  subject  of  the  next  meeting  a  paper  by  Mr. 
Duncan  F.  Cameron  on  "Coal  Supply  of  St.  Louis  and  Adjacent  Territory." 

Adjourned  to  Library  room,  where  refreshments  were  served. 

E.  B.  Fay,  Secretary  pro  tent. 


527TH  Meeting,  May  15,  1901. — Held  at  1600  Locust  street;  President 
Spencer  presiding. 

Present,  twenty-six  members  and  six  visitors. 

The  minutes  of  the  526th  meeting  were  read  and  approved.  The  minutes 
of  the  310th  meeting  of  the  Executive  Committee  were  reported. 

The  applications  for  membership  of  Messrs.  Hans  Carl  Toensfeldt  and 
Arthur  Tappan  North  were  read. 

Mr.  Ernest  C.  F.  Koken  was  elected  to  membership. 

There  being  no  miscellaneous  business,  attention  was  paid  to  the  paper 
of  the  evening,  entitled  "The  Coal  Supply  of  St.  Louis  and  Adjacent  Terri- 
tory," by  Mr.  Duncan  F.  Cameron,  superintendent  of  mines  for  Donk  Bros. 
Coal  and  Coke  Co. 

Mr.  Cameron  took  up  in  a  general  way  the  extent  of  coal  territory 
tributary  to  St.  Louis,  giving  areas  of  these  coal  measures,  also  their  total 
annual  production  and  the  consumption  of  bituminous  coal  by  the  city  of  St. 
Louis. 
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He  then  discussed  in  detail  what  had  been  done  in  the  way  of  washing 
coal  at  the  mines,  the  result  of  which  is  the  elimination  of  the  slate  and  iron 
pyrites.  The  construction  of  a  modern  coal-washing  plant  was  explained,  the 
same  being  illustrated  on  the  screen.  Mr.  Cameron  stated  tests  have  been 
made  in  office  building  steam  plants  in  St.  Louis  and  at  other  places  showing 
a  saving  of  20  per  cent,  to  28  per  cent,  of  fuel  bills  by  using  washed  coal  in- 
stead of  unwashed  coal. 

It  was  also  stated  that  a  very  fair  quality  of  coke  had  been  made  from 
washed  Illinois  coal  in  ovens  which  were  not  altogether  of  modern  type. 

Experiments,  the  object  of  which  are  to  produce  a  good  foundry  coke 
from  Illinois  coal,  are  being  continued  with  considerable  promise  of  success. 

The  discussion  was  participated  in  by  Messrs.  Bryan,  Kinealy,  Blaisdell, 
Philip  Moore  and  others. 

Adjourned  to  Library  room,  where  light  refreshments  were  served. 

W.  G.  Brenneke,  Secretary, 
i 

Eugfiiieers'  Club  of  Cincinnati. 


123D  Regular  Meeting,  Cincinnati,  Ohio,  April  18,  1901. — Dinner  was 
served  at  6.20  p.m. 

The  regular  meeting  was  called  to  order  at  7.30  p.m.,  with  President 
Jewett  in  the  chair  and  thirteen  members  present. 

Minutes  of  the  meeting  of  March  21  were  read  and  approved. 

Thfe  question,  presented  at  the  last  meeting  for  discussion,  was  taken  up 
and  discussed  by  Messrs.  Lilly,  Nicholson,  Jewett  and  others,  giving  their 
experience  and  practice  in  the  use  of  explosives  for  blasting  for  the  removal  of 
different  materials. 

The  following  question  was  presented :  What  can  be  done  to  increase 
the  usefulness  of  the  Cincinnati  Engineers'  Club?  This  was  considered 
very  apropos  and  the  Secretary  was  directed  to  announce  it  for  discussion  at 
the  next  meeting. 

Mr.  Ward  Baldwin  read  the  paper  for  the  evening,  mostly  extempore, 
on  the  subject,  "Present  Practice  in  Specific  Loading  for  Railroad  Bridges," 
being  a  comparison  and  discussion  of  the  loads  called  for  by  the  specifications 
of  a  large  number  of  prominent  railroads  at  the  present  time  and  of  the 
great  increase  in  most  of  them  over  what  was  specific  in  the  year  1894,  when 
he  made  a  similar  examination  and  comparison. 

The  subject  was  discussed  by  Messrs.  Nicholson,  Wulff,  Read,  Lilly, 
Bogen,  Jewett  and  others. 

After  a  vote  of  thanks  to  Mr.  Baldwin  for  his  paper,  the  meeting  ad- 
journed. J.  F.  Wilson,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  San  Francisco,  May  3,  1901. — Called  to  order  at  8.30 
P.M.  by  President  Marx.  The  minutes  of  the  last  regular  meeting  were  read 
and  approved. 

Mr.  A.  S.  Riffle,  a  civil  engineer,  was  elected  to  membership  upon  a 
regular  count  of  ballots. 

A  posthumous  paper  by  the  late  President.  Geo.  W.  Percy,  entitled 
"Reflections  of  Vitruvius,"  was  read  by  Mr.  G.  A.  Wright. 

Adjourned. 

Otto  von  Geldern,  Secretary. 
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Boston  Society  ot*  Civil  Euj^iueers. 


Boston,  Mass.,  May  15,  1901. — A  regular  meeting  of  the  Boston  Society 
o£  Civil  Engineers  was  held  at  Chipnian  Hall,  Tremonl  Temple,  at  7.50 
o'clocic  Piat.;  President  Lawson  B.  Bidwell  in  the  chair.  Total  number 
present,   members  aad  guests,  including  ladies,  one  hundred  and  nineteen. 

The  record  of  the  last  taeeting  was  read  and  approved. 

The  Secretary  read  a  commimication  from  the  Secretary  of  the  Inter- 
national Engineering  Congress,  to  be  h,eld  in  Glasgow,  in  September 
next,  inviting  this  Society  to  select  a  delegate  to  attend  the  congress  as 
an  honorary  member. 

On  motion  of  Mr.  Henry  Manley,  the  communication  was  referred 
to  the  Board  of  Government  with  authority  to  select  a  delegate  if  the 
board  deems  it  expedient. 

On  motion  of  Mr.  Holmes,  the  thanks  of  the  Society  were  voted  to 
Mr.  Thomas  W.  Lawson  for  courtesies  extended  on  the  occasion  of  the 
visit  to  his  new  yacht  "Independence"  at  the  Atlantic  Works,  East 
Boston ;  also  to  the  Boston  Transit  Commission  and  to  Mr.  Robert  A. 
Shailer,  President  of  the  Boston  Tunnel  Construction  Company,  for 
courtesies  extended  at  visit  to  the  works  of  the  East  Boston  Tunnel  on 
May  4,  1901. 

On  motion  of  Mr.  Higgins,  the  thanks  of  the  Society  were  voted  to 
the  Boston  Elevated  Railway  Co.  for  courtesies  extended  this  after- 
noon on  the  occasion  of  the  trip  over  the  elevated  lines  of  that  company 
in  Charlestown  and  to  its  terminal  station  at  Dudley  street,  Roxbury. 

Mr.  Frank  W.  Skinner,  of  the  Engineering  Record,  was  then  introduced 
and  gave  a  very  interesting  lecture,  entitled  "Some  Difficult  and  Curious 
Foundations."     The  lecture  was  profusely  illustrated  by  lantern  slides. 

On  motion  of  Professor  Swain,  the  thanks  of  the  Society  were  voted 
to  Mr.  Skinner  for  his  entertaining  and  instructive  lecture. 

Adjourned. 

S.  E.  TrxKHAM,  Secretary. 
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-Mr.  W.  H.  Smyth,  consulting  engineer  of  San  Francisco,  and  Mr. 
Franklin  Riffle,  civil  engineer  of  San  Francisco,  were  reinstated  to  full  mem- 
bership in  the  Societj',  upon  due  approval  by  the  directors. 

The  death  of  Mr.  B.  T.  Lacy,  member  Technical  Society,  was  announced, 
and  the  following  committee  notified  through  the  Board  of  Directors  to 
draw  up  a  suitable  resolution  in  memory  of  the  deceased  member :  Mr.  John 
Richards,  Mr.  Geo.  W.  Dickie  and  Mr.  Geo.  E.  Dow. 

Mr.  John  Richards  then  read  the  paper  of  the  evening,  entitled  "In- 
dustries of  the  Upper  Rhine,"  based  upon  personal  observations  made 
during  a  recent  European  visit. 

The  subject  was  discussed  by  Mr.  Geo.  W.  Dickie. 

Meeting  adjourned. 

Otto  von  Gelderx.  Sen-rtnrv 


Easrineers'  Club  of  t'iuciiiiiati. 


124TH  Regular  Meeting  (postponed),  Cincinnati,  Ohio,  May  23,  1901. 
— Dinner  was  served  at  6.15  p.m. 

The  regular  meeting  was  called  to  order  at  7.15  p.m.  with  President 
Jewctt  in  the  chair,  and  eleven  members  present. 

Minutes  of  the  meeting  of  April  18  were  read  and  approved. 

The  question  announced  for  discussion,  "What  Can  be  Done  to  Increase 
the  Usefulness  of  the  Cincinnati  Engineers'  Club?"  was  taken  up,  several 
members  making  suggestions  that  the  members  themselves  take  more  inter- 
est in  the  affairs  of  the  Club,  by  a  more  regular  attendance  at  the  meetings, 
and  by  the  preparation  of  papers  and  questions  for  discussion,  inviting  en- 
gineers not  members  to  attend  the  meetings  and  join  the  Club;  that  the 
Club  interest  itself  in  public  matters  of  an  engineering  nature,  by  expressing 
itself  when  questions  of  engineering  construction  or  the  employment  of 
engineering  talent  on  public  works  are  proposed. 

In  this  connection  the  Secretary  read  a  letter  addressed  to  the  President 
from  Mr.  John  C.  Trautwine,  Jr.,  Secretary  of  the  Association  of  Engineer- 
ing Societies,  offering  to  assist  in  any  way  that  he  could  to  advance  the 
usefulness  or  increase  the  attendance  and  membership  of  the  Club. 

The  President  announced  the  death,  which  occurred  on  May  14,  of 
Alfred  Petry,  one  of  the  charter  members  of  the  Club,  and  one  who  always 
took  an  active  interest  in  its  affairs.  On  motion  that  the  President  appoint 
a  committee  to  prepare  a  suitable  memoir,  the  following  were  announced  as 
such  committee :     Messrs.  Jewett,  Devenish  and  Wilson. 

Mr.  James  A.  Stewart  read  the  paper  for  the  evening,  on  the  subject, 
"A  Plan  to  Utilize  Unemployed  Labor,"  being  a  suggestion  for  a  plan  by 
which  men  in  the  various  trades  with  scant  employment  during  the  dull 
winter  months,  as  well  as  dealers  in  materials,  were  to  be  employed  in  the 
construction  of  buildings,  etc.,  under  an  arrangement  by  which  they  were  to 
give  their  labor  and  materials,  receiving  therefor  a  certain  proportion  of  its 
value  and  retaining  an  interest  for  the  balance  in  an  organization  somewhat 
on  the  plan  of  a  Building  Association.  Discussion  by  Messrs.  Wulff,  Deven- 
ish, Jewett,  Fritsch,  Pfister,  Bogen,  McAvoy  (visitor)  and  Punshon. 

On  motion,  a  vote  of  thanks  was  extended  to  Mr.  Stewart  for  his  paper. 

Adjourned. 

J.  F.  Wilson,  Secretary. 
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Mkmbkrs.  Page. 

Boston  Society  of  Civil  Engineers 501  i 

Civil  Engineers'  Club  of  Cleveland 216  26 

Engineers'  Club  of  St.  Louis 210  yj 

Civil  Engineers'  Society  of  St.  P.\ul 55  48 

Engineers'  Club  of  Minneapolis 20  51 

Montana  Society  of  Engineers 150  52 

Technical  Society  of  the  Pacific  Coast 145  59 

Detroit    Engineering    Society 106  66 

Engineers'  Society  of  Western  New  York 78  72 

Louisiana  Engineering  Society ^C>  76 

Engineers'  Club  of  Cincinnati 84  80 

Total    1641 


Lists   of   Members   of   the    Associated 

Societies. 


Abbreviations  for  designating  membership : 

For  Honorary  Member Hon.  Mem. 

For  Member Mem. 

For  Associate  Member Assoc.  Mem. 

For  Junior  Member Jun.  Mem. 


Boston  Society  of  Civil  Engineers. 


Adams,  Edward  P.,  Mem., 

Landscape  Architect  and  Civil  Engineer, 

53  State  street,  Room  1104,  Boston,  Mass. 
Adams,  Henry  S.,  Mem., 

Civil  Engineer,  53  State  street.  Room  542,  Boston,  Mass. 

Addicks,  Walter  R.,  Mem., 

Chief  Engineer,  Boston,  Bay  State  and  other  local  gas  companies, 

24  West  street,  Boston,  Mass. 
Aiken,  Charles  W.,  Mem., 

Consulting  and  Contracting  Engineer, 

82  Washington  street.  New  York,  N.  Y. 
Aiken,  Roy  C,  Mem., 

Civil  Engineer,  1059  Washington  street,  Boston,  Mass. 

Allard,  Thomas  T.,  Mem., 

Civil  Engineer,  Fort  Caswell,  N.  C 

Allen,  C.  Frank,  Mem., 

Professor  of  Railroad  Engineering,  Mass.  Inst,  of  Technology, 

Boston,  Mass. 
Allen,  Charles  A.,  Mem., 

Consulting  Engineer,  44  Front  street,  Worcester,  Mass. 

Andrews,  David  H.,  Mem., 

Proprietor  Boston  Bridge  Works,  70  Kilby  street,  Boston,  Mass. 
Appleton,  Thomas,  Mem., 

Civil  Engineer,  United  States  Life  Saving  Service, 

I"]  State  street,  New  York,  N.  Y, 
Armstrong,  Samuel  G.,  Mem., 

Civil  Engineer, 

Amalinda,  Upper  Buitenkant  street,  Cape  Town,  South  Africa. 
Aspinwall,  Thomas,  Mem., 

Aspinwall  &  Lincoln,  Civil  Engineers, 

120  Tremont  street,  Room  606,  Boston,  Mass. 
Atwood,  Joshua,  3d,  Mem., 

Civil  Engineer,  158  Foster  street,  Brighton,  Boston,  Mass. 
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Atvvood,  Thomas  C,  Mem., 

Civil  Engineer,  362  Cross  street.  Maiden,  Mass. 

Badger,  Frank  S.,  Mem., 

Assistant  Engineer,  Continental  Filter  Co., 

35  Wall  street.  Room  24,  New  York,  N.  Y. 
Bailey,  Ernest  W.,  Mem., 

City  Engineer,  City  Hall,  Somerville,  Mass. 

Bailey,  Frank  S.,  Mem., 

Assistant  in  Engineering  Department,  Massachusetts  State  Board 
of  Health,  140  State  House,  Boston,  Mass. 

Bailey,  William  M.,  Mem., 

Engineer,  Eastern  Expanded  Metal  Co.,  • 

20  Pemberton  Square,  Boston,  Mass. 
Baker,  William  E.,  Mem., 

General  Superintendent  Manhattan  Ry.  Co., 

10  Dey  street.  New  York,  N.  Y. 
Baldwin,  Loammi  F.,  Mem., 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 

Bancroft,  Lewis  M.,  Mem., 

Superintendent  of  Water  Works,  Reading,   Mass. 

Barbour,  Frank  A.,  Mem., 

Snow  &  Barbour,  Civil  and  Sanitary  Engineers, 

1 120  Tremont  Bldg.,  Boston,  Mass. 
Barnes,  Rowland  H.,  Mem., 

Pierce  &  Barnes,  Civil  Engineers,  7  Water  street,  Boston,  Mass. 
Barnes,  T.  Howard,  Mem., 

Civil  and  Municipal  Engineer,         7  Water  street,  Boston,  Mass. 
Barnes,  William  T.,  Mem., 

Resident  Engineer,  Baltimore  and  Ohio  Southwestern  Ry., 

Washington,  Ind. 
Barrows,  Harold  K.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston,  Mass. 
Barrus,  George  H.,  Mem., 

Expert  and  Consulting  Steam  Engineer, 

20  Pemberton  Square,  Boston,  Mass. 
Bartlett,  Arthur,  Mem., 

Assistant  in  City  Engineer's  Office,  City  Hall,  Lowell,  Mass. 

Bartlett,  Charles  H.,  Mem., 

Bartlett  &  Gay,  Civil  and  Hydraulic  Engineers,  852  Elm  street, 
Manchester,    N.    H.,   and  9   Concord    Square,    Boston,    Mass. 
Bartram,  George  C,  Mem., 

With  Boston  Bridge  Works,  70  Kilby  street,  Boston,  Mass. 

Bateman,  Frederic  W.,  Mem., 

Parker  &  Bateman,  Civil  Engineers,  Clinton,  Mass. 

Bateman,  Luther  H.,  Mem., 

Assistant  to  Engineer,  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 
Bayley,  Frank  A.,  Mem., 

Civil  Engineer,  133  Austin  street,  Cambridgeport,  Mass. 

Bement,  Robert  B.  C,  Mem., 

Civil  Engineer  and  President  Board  of  Water  Commissioners, 

St.  Paul,  Minn. 
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Betton,  James  M.,  Mem., 

Henry  R.  Worthington  Hydraulic  Works,  Brooklyn,  N.  Y. 

BiDvvELL,  Lawson  B.,  Mcni., 

Assistant  Engineer,  Eastern  District,  N.  Y.,  N.  H.  and  H.  R.  R., 

South  Union  Station,  Boston,  Mass. 
BiGELOW,  James  P.,  Mem., 

City  Engineer,  City  Hall,  Marlboro,  Mass. 

BissELL,  H.,  Mem., 

Chief  Engineer,  Boston  and  Maine  Railroad,  Boston,  Mass. 

Blake,  Francis,  Mem., 

Auburndale,  Mass. 

Blake,  Percy  M.,  Mem., 

Civil  and  Hydraulic  Engineer,  Bowers  street,  Newtonville,  Mass. 
Blodgett,  George  W.,  Mem., 

Electrical  Engineer,  B.  and  A.  R.  R.,  Boston,  Mass. 

Residence,  Auburndale,  Mass. 
Blood,  John  Balch,  Mem., 

Blood   &   Hale,    Consulting   and    Designing   Engineers,    Equitable 
Bldg.,  Boston,  Mass. 

Blossom,  William  L.,  Mem., 

Surveyor  and  Draftsman,  355  Washington  street,  Brookline,  Mass. 
Bolton,  Edward  D.,  Mem., 

Landscape  Architect  and  Engineer, 

224  W.  Seventy-ninth  street.  New  York,  N.  Y. 
Borden,  Philip  D.,  Mem., 

City  Engineer,  P.  O.  Box  248,  Fall  River,  Mass. 

BoTSFORD,  Harry  G.,  Mem., 

Assistant  Engineer,  Engineering  Department,  Boston. 

Residence,  10  Nightingale  street,  Dorchester,  Mass. 
Bourne,  Frank  B.,  Mem., 

Assistant  Engineer  in  charge  of  Park  Department, 

City  Engineer's  Office,  Providence,  R.  I. 
BowDiTCH,  Ernest  W.,  Mem., 

Landscape  Gardener  and  Engineer, 

60  Devonshire  street,  Boston,  Mass. 
Bowers,  George,  Mem., 

City  Engineer,  City  Hall,  Lowell,  Mass. 

Boyd,  James  T.,  Mem., 

Consulting  Engineer,  60  State  street,  Boston,  Mass. 

Br.\ckett,  Dexter,  Mem., 

Engineer,  Distribution  Department,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Brackett,  Wallace  C,  Mem., 

Assistant  Engineer,  Boston  Elevated  Ry.  Co., 

loi  Milk  street.  Room  looi,  Boston,  Mass. 
Bradford,  Laurence,  Mem., 

Civil   Engineer,  Millbrook,   Mass. 

Bradley,  Harry  C,  Mem., 

Instructor,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 
Bradley,  William  H.,  Mem., 

Civil  Engineer,  642  Exchange  Bldg.,  Boston,  Mass. 

Branch,  Ernest  W.,  Mem., 

Engineer,  Sewerage  Commissioners,  Adams  Bldg.,  Quincy,  Mass. 
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Bray,  Charles  D.,  Mem., 

Professor  of  Civil  and  Mechanical  Engineering,  Tufts  College, 

College  Hill,  Mass. 
Breed,  Charles  B.,  Mem., 

Instructor  at  Massachusetts  Institute  of  Technology. 

Residence,   12  George  street,  Lynn,  Mass. 
Brewer,  Bertram,  Mem., 

City  Engineer,  Waltham,  Mass. 

Brock,  Nathan  S.,  Mem., 

Civil  Engineer,  39  Parsons  street,  Brighton,  Mass. 

Brooks,  Frederick,  Mem., 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 

Brown,  William  M.,  Jr.,  Mem., 

Chief  Engineer  and  Superintendent,  Metropolitan  Sewerage  Works, 

20  Pemberton  Square,  Boston,  Mass. 

Bryant,  Henry  F.,  Mem., 

French  &  Bryant,  Civil  Engineers, 

334  Washington  street,  Brookline,  and  4  State  street,  Boston,  Mass. 
Buck,  Waldo  E.,  Mem., 

President  and  Treasurer,  Worcester  Manfs.  Mut.  Ins.  Co., 

53  William    treet,  Worcester,  Mass. 
Bullock,  William  D.,  Mem., 

Engineer  in  charge  of  Bridges  and  Harbor, 

City  Hall,  Providence,  R.  I. 
Burke,  John  R.,  Mem., 

Assistant  to  Engineer,  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 
Burley,  Harry  B.,  Mem., 

Civil  Engin  er  and  Inspector,  Associated  Factory  Mut.  Ins.  Cos., 

31  Milk  street,  Boston,  Mass. 
Burr,  Thomas  S.,  Mem., 

Civil  Engineer,  53  State  street,  Boston.     Residence,  Melrose,  Mass. 
Burton,  Alfred  E.,  Mem., 

Professor  of  Topographical  Engineering,  Massachusetts  Institute 
of  Technology,  Boston,  Mass. 

Buttolph,  Benjamin  G.,  Mem., 

Engineer,  State  Enterprise  and  American  Mut.  Fire  Ins.  Cos., 

819  Banigan  Bldg.,  Providence,  R.  I. 
Caldwell,  Frederic  A.,  Mem., 

First  Assistant,  City  Engineer's  Office,  Woonsocket,  R.  I. 

Carney,  Edward  B.,  Mem., 

City  Engineer's  Office,  39  Plymouth  street,  Lowell,  Mass. 

Carpenter,  George  A.,  Mem., 

City  Engineer,  -j-j  Meadow  street,  Pawtucket,  R.  I. 

Carp,  Joseph  R.,  Mem., 

Civil  Engineer,  466  Broadway,  Chelsea,  Mass. 

Carson,  Howard  A.,  Mem., 

Chief  Engineer,  Boston  Transit  Commission, 

20  Beacon  street,  Boston,  Mass. 
Carter,  Frank  H.,  Mem., 

Engineer  in  charge  of  Street  Work,  City  Engineer's  Office, 

Cambridge,  Mass. 
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Carter,  Henry  H.,  Mem., 

Consulting  Engineer  and  President,  Metropolitan  Contracting  Co., 

95  Milk  street,  Boston,  Mass. 
Carven,  Christopher  J.,  Mem., 

Assistant  Engineer,  Engineering  Dept.,  51  City  Hall.  Boston. 

Residence,  34  Centre  street,  Dorchester,  Mass. 
Chace,  George  P.,  Mem., 

Superintendent,  Water  Works,  Taunton,  Mass. 

Chamberlain,  Edward  G.,  Mem., 

Topographical  Surveyor,  Auburndale,  Mass. 

Chamberlain,  William  G.  :3..  Mem., 

Bridge  Engineer,  B.  and  A.  R.  R.,  Boston. 

Residence,  Auburndale,  Mass. 
Chambers,  Ralph  H.,  Mem., 

Chambers  &  Hone,  Consulting  Engineers, 

60  New  street,  New  York,  N.  Y. 
Chapman,  William  H.,  Mem., 

Waring,  Chapman  &  Farquhar,  Civil  Engineers, 

874  Broadway,  New  York,  N.  Y. 
Chase,  John  C,  Mem., 

Chief  Engineer,  The  Clarendon  Water  Works  Co., 

Wilmington,  N.  C. 
Cheever,  Albert  S.,  Mem,, 

Assistant  Engineer,  Fitchburg  Division,  Boston  and  Maine  Rail- 
road, Boston,  Mass. 
Cheney,  John  E.,  Mem., 

Assistant  City  Engineer,  City  Hall,  Boston,  Mass. 

Childs,  Stephen,  Mem., 

Deputy  Street  Com'r,  Superintendent  of  Sewer  Division, 

City  Hall,  West  Newton,  Mass. 
Clapp,  Otis  F.,  Mem., 

City  Engineer,  City  Hall,  Providence,  R.  I. 

Clapp,  Sidney  K.,  Mem., 

Assistant  in  office  of  the  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Clapp,  Wilfred  A.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board,        Clinton,  Mass. 
Clark,  W.  Lewis,  Mem., 

Assistant,  Middlesex  Co.,  Engineer's  Office. 

50  Sacramento  street,  Cambridge,  Mass. 
Coffin,  Freeman  C,  Mem., 

Civil  and  Hydraulic  Engineer,  53  State  street,  Boston,  Mass. 

Coggeshall,  Robert  C.  P.,  Mem., 

Superintendent,  Water  Works,        City  Hall,  New  Bedford,  Mass. 
Cook,  Byron  I.,  Mem., 

Superintendent,  Water  Works,  Woonsocket,  R.  I. 

Cook,  Mayo  T.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

65  City  Hall,  Boston,  Mass. 
CoRTHEix,  Arthur  B.,  Mem., 

Resident  Engineer,  The  Boston  Terminal  Co., 

220  South  Station,  Boston,  Mass. 
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CoRTHELL^  Elmer  L.,  Mem., 

Consulting  Engineer, 

Care  Eddy,  Hall  &  Cia,  399  Reconquista,  Buenos  Aires,  Argen- 
tine Republic,  S.  A. 
Craib,  Charles  G,  Assoc.  Mem., 

General  Contractor,  138  Pleasant  street,  Winthrop,  Mass. 

Craigue,  Joseph  S.,  Mem., 

With  E.  Worthington,   Civil  Engineer,  Dedhani,   Mass. 

Crane,  Albert  S.,  Mem., 

Chief  Assistant  Engineer,  Michigan  Lake  Superior  Power  Co., 

Sault  Ste.  Marie,  Mich. 
Crowell,  Alonzo  K.,  Mem., 

Roadmaster's  Clerk,  N.  Y.,  N.  H.  and  H.  R.  R., 

97  Cohannet  street,  Taunton,  Mass. 
CuMMiNGS,  W.  Warren,  Mem., 

Engineer,  N.  E.  Gas  and  Coke  Co.,  Everett,  Mass. 

Cunningham,  Fred'k  H.,  Mem., 

Mining,  Thistle  Creek  Northwest  Territory, 

Address,  Box  49,  Bolton,  Mass. 
CuNTZ,  William  C,  Mem., 

Engineer,  London  Office,  The  Pennsylvania  Steel  Company, 

no  Cannon  street,  London,  E.  C,  Eng. 
Currier,  George  C,  Mem., 

Engineering  Department,  60  City  Hall,  Boston,  Mass. 

Curtis,  Greely  S.,  Mem., 

Hydraulic  Engineer,  Boston  Fire  Department, 

Bristol  street,  Boston,  Mass. 
Curtis,  Joseph  H.,  Mem., 

Landscape  Engineer  and  Gardener, 

85  Devonshire  street,  Boston,  Mass. 
Curtis,  Louville,   Mem.. 

Roadmaster,  Western  Division,  Boston  and  Maine  Railroad, 

354  Andover  street,  Lawrence,  Mass. 
Cutter,  Charles  R.,  Mem., 

Boston  Elevated  Railway,  Elevated  Lines, 

loi  Milk  street,  Boston,  Mass. 
Cutter,  Louis  F.,  Mem., 

Assistant  Engineer,  Engineering  Department,  60  City  Hall,  Boston, 
Residence,  15  Rangeley,  Winchester,  Mass. 
Cutter,  Roland,  N.,  Mem., 

Engineering  Department,  51  City  Hall,  Boston,  Mass. 

D.wis,  Charles  Henry,  Mem., 

Consulting  Engineer,  99  Cedar  street.  New  York,  N.  Y. 

Davis,  Edmund  S.,  Mem., 

Assistant  Engineer,  Boston  Transit  Commission, 

59  Robinwood  ave.,  Jamaica  Plain,  Mass. 
Davis,  Joseph  P.,  Mem., 

Chief  Engineer,  American  Bell  Telephone  Company, 

113  West  Thirty-eighth  street.  New  York,  N.  Y. 
Davis,  Leonard  H.,  Mem., 

Assistant  Engineer,   Boston  Elevated  Railway  Company, 

Residence,  10  AUston  Terrace,  Brighton,  Mass. 
Dean,  Arthur  W.,  Mem., 

City  Engineer,  City  Hall,  Nashua,  N.  H. 
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Dean,  Francis  W.,  Mem., 

Dean  &  Main,  Mechanical  and  Mill  Engineers, 

53  State  street,  Boston,  Mass. 
Dean,  Luther,  Mem., 

Civil  Engineer,  23  Crocker  Bldg.,  14  City  Square,  Taunton,  Mass. 
Dennette,  Francis  A.,  Mem., 

Constructing  Engineer,  155  Huntington  ave.,  Boston,  Mass. 

De  Wolf,  John  O.,  Mem., 

Mechanical  Engineer,  with  W.  B.  Smith  Whaley  &  Co., 

Tremont  Bldg.,  Boston,  Mass. 
Dodge,  Samuel  D.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston. 

Residence,  29  Russell  street,  Arlington,  Mass. 
Dorr,  Edgar  S.,  Mem., 

Chief  Engineer,  Sewer  Division,  Street  Dpartment, 

30  Tremont  street,  Boston,  Mass. 
Drake,  Albert  B.,  Mem., 

Civil  Engineer  and  Surveyor, 

164  Williams  street,  New  Bedford,  Mass. 
Drew,  Joseph  N.,  Mem., 

Civil  Engineer,  45  Milk  street,  Room  61,  Boston,  Mass. 

Dunne,  George  C,  Assoc.  Mem., 

Manager,  Portland  Stone  Ware  Co., 

42  Oliver  street,  Boston,  Mass. 
Dwelley,  Edwin  P.,  Mem., 

Harris  &  Dwelley,  Civil  Engineers,  59  Exchange  street, 

Residence,  25  Baltimore  street,  Lynn,  Mass. 
Ellis,  George  A.,  Mem., 

Hydraulic  Engineer,  158  Sherman  street,  Springfield  Mass. 

Ellis,  John  W.,  Mem., 

Civil  Eng.,  178  Devonshire  street,  Boston,  and  Woonsocket,  R.  I, 
Ellis,  S.  Clarence,  Mem., 

1750  Beacon  street,  Brookline,  Mass. 
Ellsworth,  Emory  A.,  Mem., 

Consulting  Engineer,  7  Main  street,  Holyoke,  Mass. 

Emerson,  Guy  C,  Mem., 

Deputy  Superintendent,  Sewer  Division,  Street  Department, 

30  Tremont  street,  Boston,  Mass. 
Emigh,  John  H.,  Mem., 

City  Engineer,  North  Adams,  Mass. 

Estey,  Henry  W.,  Mem., 

Assistant  Engineer,  City  Engineer's  Office, 

II  Page  street.  Maiden,  Mass. 
Evans,  George  E.,  Mem., 

Civil  and  Hydraulic  Engineer,  95  Milk  street,  Boston,  Mass. 

Evans,  Robert  R.,  Mem., 

City  Engineer,  City  Hall,  Haverhill,  Mass. 

EwiNG,  William  C,  Mem., 

Chief  Assistant  and  Clerk,  The  C.  H.  W.  Wood  Co., 

2380  Washington  street,  Boston,  Mass. 
F.\les,  Frank  L.,  Mem., 

Assistant  Engineer,  Board  of  Trustees.  Comni's  of  Water  Works, 

City  Hall,  Cincinnati,  Ohio. 
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Farnham,  Frederick  W.,  Mem., 

Engineer  in  charge  of  Sewer  Department,  City  Engineer's  Office, 

City  Hall,  Lowell,  Mass. 
Farnham,  Irving  T.,  Mem., 

City  Engineer,  City  Hall,  West  Newton,  Mass. 

Farnum^  Loring  N.,  Mem., 

Civil  Engineer,  5s  State  street,  Boston,  Mass. 

Favor,  William  a.,  Mem., 

Assistant  Engineer,  City  Engineer's  Office, 

Chester  street,  Lowell,  Mass. 
Fay,  Frederic  H.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
Felton,  Burton  R.,  Mem., 

Civil  and  Hydraulic  Engineer,  1120  Tremont  Bldg.,  Boston,  Mass. 
Felton,  Charles  R.,  Mem., 

City  Engineer,  City  Hall,  Brockton,  Mass. 

FergusoNj  John  N.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Fernald,  Clarence  T.,  Mem., 

Assistant  Engineer,  Boston  Elevated  Railway  Company, 

32  Malvern  street,  Melrose,  Mass. 
Fernald,  George  N.,  Mem., 

City  Engineer  and  Commissioner  of  Public  Works, 

City  Hall,  Portland,  Me. 
FiTZ,  Charles  F.,  Jr.,  Mem., 

With  Metropolitan  Park  Commission,  Watertown,  Mass. 

FitzGerald,  Desmond,  Mem., 

Department  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Fletcher,  Austin  B.,  Mem., 

Secretary,  Massachusetts  Highway  Commission, 

20  Pemberton  Square,  Boston,  Mass. 
Flinn,  Alfred  D.,  Mem., 

Prin.  Office  Assistant,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Forbes,  Arthur  A.,  Mem., 

Engineer,   Board   of  Public  Works,   City   Hall,   Pittsfield,   Mass. 
FoLSOM,  Charles  W.,  Mem., 

District  Engineer  of  Sewers,        30  Tremont  street,  Boston,  Mass. 
Forbes,  Fayette  F.,  Mem., 

Superintendent,  Water  Works,  Brookline,  Mass. 

Foss,  Clifford,  Mem., 

With  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Foss,  William  E.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Foster,  Edward  S.,  Mem., 

Civil  Engineer,  624  Tremont  Bldg.,  Boston,  Mass. 

Foster,  Willard  M.,  Mem., 

Assistant,  with  Rice  &  Evans,  95  Milk  street,  Boston, 

64  Grove  street,  Lowell,  Mass. 
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Francis,  George  B.,  Mem., 

Chief  Engineer,  Rhode  Island  Suburban  Electric  Railway  Co., 

113  Keene  street,  Providence,  R.  I. 
Freeman,  John  R.,  Mem., 

President  and  Treasurer,   Manfs.,   Rhode   Island  and   Mechanics 
Mut.  Fire  Ins.  Cos.,  812  Banigan  Bldg.,  Providence,  R.  I. 

French,  Alexis  H.,  Mem., 

Town  Engineer,  Town  Hall,  Brookline.     Also  of  firm  of  French 
&  Bryant,  Civil  Engineers, 
344  Washington  street,  Brookline,  and  4  State  street,  Boston,  Mass. 
French,  Edmund  M.,  Mem., 

Assistant,  with  Metropolitan  Water  Board, 

15  Morgan  House,  Clinton,  Mass. 
French,  Frank  B.,  Mem., 

Engineer  and  Superintendent  for  Board  of  Public  Works, 

4  Municipal  Bldg.,  Woburn,  Mass. 
French,  George  L.  R.,  Mem., 

Roadmaster,  Eastern  Division,  Boston  and  Maine  Railroad, 

Beverly,  Mass. 
French,  Heywood  S.,  Mem., 

Boston  Representative  of  the  J.  W.  Bishop  Co., 

53  State  street,  Room  408,  Boston,  Mass. 
Frink,  Harry  A.,  Mem., 

Civil  Engineer,  23  Pinckney  street,  Boston,  Mass. 

Frizell,  Joseph  P.,  Mem., 

Hydraulic  Engineer,  60  Congress  street,  Boston,  Mass. 

Fteley,  Alphonse,  Mem., 

Consulting  Engineer,  14  West  131st  street,  New  York,  N.  Y. 

Fuller,  Andrew  D.,  Mem., 

Engineer  Expert,  Massachusetts  Managers,  Paris  Exposition, 

IS  Lawrence  street,  Wakefield,  Mass. 
Fuller,  Frank  E.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston. 

Residence,  West  Newton,  Mass. 
Fuller,  Frank  L.,  Mem., 

Civil  and  Hydraulic  Engineer,  12  Pearl  street,  Boston,  Mass. 

Fuller,  Fred  Vincent,  Mem., 

Manager,  Carson  Trench  Machine  Co., 

16  Dorrance  street,  Charlestown,  Boston,  Mass. 
Fuller,  George  W.,  Mem., 

Consulting  Expert,  Water  Purification  and  Sewage  Disposal, 

220  Broadway,  New  York,  N.  Y. 
Fuller,  William  B.,  Mem., 

Civil  Engineer,       301  West  Fifty-seventh  street,  New  York,  N.  Y. 
Gage,  Herbert  E.,  Mem., 

In  Chief  Engineer's  Office,  B.  and  A.  R.  R.,  Boston,  Mass. 

Gannett,  Charles  H.,  Mem., 

Civil  Engineer,  IIQ2  Exchange  Bldg.,  Boston,  Mass. 

Gay,  Charles  W.,  Mem., 

Civil  Engineer,  25  Exchange  street,  Lynn,  Mass. 

Gerrish,  John  H.,  Assoc.  Mem., 

Agent,  Eastern  Dredging  Co.,  25  Congress  street,  Boston. 

Residence,  Melrose  Highlands,  Mass. 
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Gerry,  Lyman  L.,  Mem., 

With  Engineer  Department,  Massachusetts  Highway  Commission, 

Stoneham,  Mass. 
Gleason,  Walter  A.,  Mem., 

Civil  Engineer,  58  Front  street,  Worcester,  Mass. 

Glover,  Albert  S.,  Mem., 

Secretary,  Hersey  Mfg.  Co.,      714  Tremont  Temple,  Boston,  Mass. 
Goodnough,  Benj.  F.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
GooDNOUGH,  X.  H.,  Mem., 

Chief  Engineer,  Massachusetts  State  Board  of  Health, 

Room  140  State  House,  Boston,  Mass. 
Gould,  John  A.,  Mem., 

Chief  Engineer,  Brookline  and  Dorchester  Gas  Co., 

24  West  street,  Boston,  Mass. 
Gowing,  E.  H.,  Mem., 

.     Engineer,  20  Pemberton  Square,  Boston,  Mass. 

Gray,  Joseph  P.,  Mem.. 

Vice-President,  Boston  Manfs.  Mut.  Fire  Insurance  Co.,  31  Milk 
street,  Boston. 

Residence,  Hunter  and  Putnam  street,  West  Newton,  Mass. 
Greene,  Levi  R.,  Mem., 

Consulting  Engineer,  Walworth  Manufacturing  Company. 

Residence,  35  Concord  ave.,  Cambridge,  Mass. 
Grew,  Herbert  L.,  Assoc.  Mem., 

With  Waldo  Bros.,  Contractors'  and  Builders'  Supplies, 

102  Milk  street,  Boston,  Mass. 
Griswold,  Leon  S.,  Mem., 

Mining  Geologist,  238  Boston  street,  Dorchester,  Mass. 

Grover,  Arthur  C,  Mem., 

City  Engineer,  Superintendent  of  Streets  and  Superintendent  of 
Water  Works,  59  Evergreen  ave.,  Rutland,  Vt. 

Grover,  Edmund,  Mem., 

Civil  Engineer,  East  Walpole,  Mass. 

Grover,  Nathan  C,  Mem., 

Professor  of  Civil  Engineering,  University  of  Maine,  Orono,  Me. 
GupPY,  Benjamin  W.,  Mem., 

Bridge  Engineer,  Maine  Central  Railroad,  Portland,  Me. 

Gushee,  Edward  G,  Mem., 

Civil  Engineer,  1942  North  Twenty-third  street,  Philadelphia,  Pa. 
Haberstroh,  Charles  E.,  Mem., 

Assistant     Superintendent,     Sudbury     Department,     Metropolitan 
Water  Works,  South  Framingham,  Mass. 

Hale,  Richard  A.,  Mem., 

Principal  Assistant  Engineer,  Essex  Water  Power  Co., 

Lawrence,  Mass. 
Hale,  Robert  S.,  Mem., 

Steam  and  Electrical  Engineer,  31  Milk  street,  Boston,  Mass. 

Hall,  Frank  E.,  Mem., 

Civil  Engineer,  with  Sumner  &  Goodwin  Co., 

287  Congress  street,  Boston,  Mass. 
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Hall,  George  H.,  Jr.,  Mem., 

Assistant  Engineer,  N.  E.  Telegraph  and  Telephone  Co.,  104  Milk 
street,  Boston.     Res.,  5  New  Millet  street,  Dorchester,  Mass. 
Hamilton,  George  W.,  Mem., 

District  Engineer  of  Sewers,  30  Tremont  street,   Boston,   Mass. 
Hamlin,  George  H.,  Mem., 

Civil  Engineer,  Orono  and  Bangor,  Me. 

Hammatt,  Edward  A.  W.,  Mem., 

Civil  and  Hydraulic  Engineer, 

53  State  street,  Boston,  and  Hyde  Park,  Mass. 
Hardy,  George  F.,  Mem., 

Assistant   Manager.    Construction    and    Maintenance    Department, 
International  Paper  Co.,  30  Broad  street,  New  York,   N.  Y. 
Hardv,  George  R.,  Mem., 

Assistant  Engineer  of  Construction,  N.  Y.,  N.  H.  and  H.  R.  R., 

Forest  Hills,  Mass. 
Harrington,  David  A.,  Mem., 

Engineer,  Boston  Electric  Light  Co., 

"j-j  Ames  Bldg.,  Boston,  Mass 
Harrington,  Ephraim,  Mem., 

Ephraim  Harrington  &  Co.,  Civil  and  Consulting  Engineers, 

60  State  street,  Boston,  Mass. 
Harris,  Charles,  Mem., 

Agent  of  Barber  Asphalt  Paving  Co., 

70  Kilby  street,  Room  68.  Boston,  Mass. 
Harris,  Isaac  K.,  Mem., 

Civil   Engineer  and  Surveyor,   59  Exchange  street,   Lynn,   Mass. 
Harrison,  Christopher,  Mem., 

City  Engineer,  City  Hall,  Everett,  Mass. 

Hart,  Frank  S.,  Mem., 

Civil  and  Hydraulic  Engineer,   Assistant   Engineer,   Metropolitan 
Water  Works,  South  Framingham,  Mass. 

Harwood^  T.  T.  Hunter,  Mem., 

United  States  Assistant  Engineer,  Rockport,  Mass. 

Hastings,  Isaac  W.,  Mem., 

Assistant  in  City  Engineer's  Office,  West  Newton,  Mass. 

Hastings,  Lewis  M.,  Mem., 

City  Engineer,  City  Hall,  Cambridgeport,  Mass. 

Haswell,  Charles  H.,  Hon.  Mem., 

Civil  and  Mechanical  Engineer,  Consulting  Engineer,  Department 
of  Public  Improvements, 

Room  1803  Park  Row  Bldg.,  New  York,  N.  Y. 
Hatch,  Arthur  E.,  Mem., 

Manager,  Bay  State  Dredging  Co.,  19  High  street,  Boston. 

Residence,  43  Tennyson  street,  Somerville.  Mass. 
Hawes,  Louis  E.,  Mem., 

Civil  and  Hydraulic  Engineer,  751  Tremont  Bldg.,  Boston,  Mass. 
Hawkes,  Levi  G.,  Mem., 

Civil  Engineer,  Saugus,  Mass. 

Hawley,  William  C,  Mem., 

Assistant   Engineer,    Massachusetts   Topographical    Survey   Com- 
mission, 60  Broadway,  Taunton.  Mass. 
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Hayes,  Henry  W.,  Mem., 

Assistant  Engineer,  Fitchburg  Division,  Boston  and  Maine  Rail- 
road, Boston,  Mass. 
Hazelton,  Charles  W.,  Me.n., 

Engineer  and  Treasurer,  Turners  Falls  Co.,  Turners  Falls,  Mass. 
Hazen,  Allen,  Mem., 

Consulting  Engineer,  St.  Paul  Bldg., 

220  Broadway,  New  York,  N.  Y. 
Heald,  Simpson  C,  Mem., 

Civil  Engineer,  48  Congress  street,  Boston,  Mass. 

Hering,  Rudolph,  Mem., 

Hydraulic  and  Sanitary  Engineer, 

100  William  street.  New  York,  N.  Y. 
Herschel,  Clemens,  Mem., 

Consulting  Engineer,  East  Jersey  Water  Co., 

2  Wall  street,  Room  54,  New  York,  N.  Y. 
Hersey,  Frederic  M.,  Mem.. 

Assistant  Engineer,  with  E.  W.  Bowditch, 

60  Devonshire  street,  Boston,  Mass. 
Hews,  Joseph  R.,  Mem., 

Engineer  Inspector,  Charlestown  Bridge, 

18  Michigan  avc,  Dorchester,  Mass. 
Hicks,  C.  Atherton,  Mem., 

Civil  Engineer  and  Landscape    Architect,  Consulting  Room,  501 
Tremont  Bldg.,  Boston.     Drafting  Room  at  Needham,  Mass. 
Higgins,  Herman  K.,  Mem., 

Assistant  Engineer,  N.  Y.,  N.  H.  nnd  H.  R.  R.,  472  South  Station, 
Boston.     Residence,  1799  Dorchester  ave.,  Dorchester,  Mass. 
Hinckley,  David,  Mem., 

Assistant  Engineer,  Props.,  The  Locks  and  Canals, 

66  Broadway,  Lowell,  Mass. 
HoDGDON,  Frank  W.,  Mem., 

Engineer,  Harbor  and  Land  Commission, 

131  State  House,  Boston,  Mass. 
Hodges,  Gilbert,  Mem., 

Civil  and  Consulting  Engineer,  60  State  street,  Boston,  Mass. 

Holden,  Horace  G.,  Mem., 

Superintendent,   Pennichuck  Water  Works  Co.,   Nashua,   N.   H. 
HoLLis,  Ira  N.,  Mem., 

Professor  of  Engineering,   Lawrence   Scientific   School,   Harvard 
University,  Cambridge,  Mass. 

Holmes,  J.  Albert,  Mem., 

Engineer,  Park  Department,        City  Hall,  Cambridgeport,  Mass. 
Holt,  Arthur  C,  Mem., 

Treasurer,  New  England  Structural  Co., 

18  Post  Office  Square,  Boston,  Mass. 
Hopson,  Ernest  G.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board,       Clinton,  Mass. 
Horton,  Arthur  E.,  Mem., 

Assistant  Engineer,  Metropolitan  Park  Commission, 

14  Beacon  street,  Boston,  Mass. 
Horton,  Theodore,  Mem., 

With  Metropolitan  Sewerage  Commission, 

17  Everett  street,  Melrose,  Mass. 
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HosMER,  Francis  E.,  Mem., 

Inspector,  Engineering  Department,  Boston, 

569  Broadway,  South  Boston,  Mass. 
HosMER,  Sidney,  Mem., 

Electrical  Engineer,  Boston  Electric  Light  Co., 

79A  Ames  Bidg.,  Boston,  Mass. 
Houghton,  Charles  E.,  Mem., 

Transitman,  Sewer  Department, 

114  Erie  street,  New  Dorchester,  Mass. 
Howard,  Channing,  Mem., 

Whitman  &  Howard,  Civil  Engineers, 

85  Devonshire  street,  Boston,  Mass. 
Howard,  John  L.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashhurton  Place,  Boston,  Mass. 
Howe,  Edward  W.,  Mem., 

Assistant  Engineer,  Engineering  Dei)artment, 

65  City  Hall,  Boston,  Mass. 
Howe,  George  E.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashhurton  Place,  Boston. 

Residence,  20  Wesley  Park,  Somerville,  Mass. 
Howe,  Horace  J.,  Mem., 

Assistant  Engineer,  Rapid  Transit  Railroad  Commission, 

231  W.  125th  street.  New  York,  N.  Y. 
Howe,  Will  B.,  Mem., 

City  Engineer,  5  Warren  r,treet,  Concord,  N.   H. 

Howland,  Albert  H.,  Mem., 

Civil  Engineer,  60  Congress  street,  Boston,  Mass. 

Howland,  Charles  W.,  Mem., 

Civil   Engineer  and  Surveyor,  44  Union   street,   Rockland,   Mass. 
Hubbard,  Dwight  L.,  Mem., 

Engineering  Department,  51  City  Hall,  Boston,  Mass. 

HuLTMAN,  Eugene  C,  Mem., 

Inspecting  and  Auditing  Engineer,  West  End  Street  Railway  Sys- 
tem, loi  Milk  street,  Boston,  Mass. 
HuNKiNG,  Arthur  W.,  Mem., 

Civil  and  Hydraulic  Engineer,        374  Stevens  street,  Lowell,  Mass. 
Hunter,  Frederic  S.,  Mem., 

Civil  Engineer,  5  City  Hall,  Boston,  Mass. 

Hunter,  Harry  G.,  Mem., 

Civil  Engineer,  Hotel  Denmark,  Dorchester,  Mass. 

Hunter,  William  B.,  Mem., 

Inspector,  Boston  Elevated  Railway  Co., 

23  Weston  street,  Waltham,  Mass. 
Hvue,  Charles  G.,  Mem., 

Assistant  Engineer    Improvement,  Extension  and  Filtration  of  the 
Water  Supply, 

Testing  Station  Spring  Garden  Pumping  Station,  Philadelphia,  Pa. 
Jackson,  William,  Mem., 

City  Engineer,  City  Hall,  Boston,  Mass. 

Janes,  Charles  F.,  Mem., 

Assistant  Engineer,  Park  Department, 

City  Engineer's  Office,  Providence,  R.  I. 
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Jenney,  Walter,  Mem., 

Superintendent,  Jenney  Mfg.  Co., 

55  G  street.  South  Boston,  Mass. 
Johnson,  Alpheus  M.,  Mem., 

Assistant  Engineer,  Boston  and  Maine  Railroad, 

lOO  South  State  street,  Concord,  N.  H. 
Johnson,  Frank  P.,  Mem., 

Tide  Water  Trap  Rock,  East  Haven,  Conn. 

Johnson,  James  W.,  Mem., 

City  Engineer,  Riverside,  Cal. 

Johnson,  Lev^^is  J.,  Mem., 

Assistant    Professor    of    Civil    Engineering,    Lawrence    Scientific 
School,  Harvard  University, 

100  Avon  Hill  street.  North  Cambridge,  Mass. 
Johnson,  William  S.,  Mem., 

Assistant  Engineer,  State  Board  of  Health, 

Room  140,  State  House,  Boston,  Mass. 
Jones,  J.  Edwin,  Mem., 

Civil  Engineer,  Jamaica  Plain,  Mass. 

Keene,  William  F.,  Mem., 

City  Engineer,  84  Cross  street,  Central  Falls,  R.  I. 

Keith,  Herbert  C,  Mem., 

Assistant  Bridge  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 

New  Haven,  Conn. 
Kendall,  Francis  H.,  Mem., 

Civil  Engineer  for  Middlesex  County  Commissioners. 

Court  House,  East  Cambridge,  Mass. 
Kettell,  Charles  W.,  Mem., 

Mechanical  Engineer,      53  State  street,  Room  11 12,  Boston,  Mass. 
KiDD,  Alexander  L.,  Mem., 

District  Engineer  of  Sewers,        30  Tremont  street,  Boston,  Mass. 
Kimball,  George  A.,  Mem., 

Chief  Engineer,  Elevated  Lines,  Boston  Elevated  Railway  Co.,  and 
Member  of  Metropolitan  Sewerage  Commission, 

loi  Milk  street,  Boston,  Mass. 
Kimball,  Harry  L.,  Mem., 

In  City  Engineer's  Office, 

U.  S.  Engineer's  Office,  Custom  House,  Cincinnati,  Ohio. 
Kimball,  Joseph  H.,  Mem., 

Office  Assistant,  City  Engineer's  Office,  West  Newton,  Mass. 

King,  George  A.,  Mem., 

City  Engineer,  City  Hall,  Taunton,  Mass. 

Kinnicutt,  Leonard  P.,  Mem., 

Professor  of  Chemistry,  Worcester  Polytechnic  Institute, 

Worcester,  Mass. 
Knapp,  Frederick  B.,  Mem., 

Principal  of  Powder  Point  School,  Duxbury,  Mass. 

Knowles,  Morris,  Mem., 

Assistant  Engineer  in  charge,  Testing  Station,  Improvement  and 
Filtration  of  Water  Supply,   Spring  Garden  Pumping  Sta- 
tion, Philadelphia,  Pa. 
Lanza,  Gaetano,  Mem., 

Professor  of  Theoretical   and  Applied  Mechanics,   Massachusetts 
Institute  of   Technology,  Boston,    Mass. 
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Lavis,  Frederick,  Mem., 

Engineer,  Ur  Expedition, 

Care,  United  States  Consul,  Busrch,  Turkey  in  Asia. 
Lawton,  Louis  C,  Mem., 

With  Engineering  Department,  Boston  and  Maine  Railroad, 

Waverley,  Mass. 
Lawton,  Perry,  Mem., 

Civil  Engineer,  7  Savings  Bank  Bldg.,  Quincy,  Mass. 

Learned,  Wilbur  F.,  Mem., 

Superintendent  of  Streets  and   Sewers,  Watertown,   Mass. 

Leavitt,  Erasmus  D.,  Mem., 

Mechanical  and  Consulting  Engineer, 

2  Central  Square,  Cambridgeport,  Mass. 
Leland,  George  L,  Mem., 

Assistant  Engineer  in  charge  of  Sewers,  City  Hall,  Lynn,  Mass. 
LiBBEY,  Dana,  Mem., 

In  City  Engineer's  Office,  West  Newton,  Mass. 

Lincoln,  Edwin  H.,  Mem., 

Aspinwall  &  Lincoln,  Civil  Engineers, 

120  Trcmont  street,  Room  606,  Boston,  Mass. 
Link,  John  William,  Mem., 

With  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Locke,  Frank  L.,  Mem., 

Assistant  Superintendent,  Boston  Rubber  Shoe  Co.,  Maiden,  Mass. 
Locke,  Franklin  B'.,  Mem., 

Civil  Engineer,  North  Adams,  Mass. 

Levis,  Andrew  M.,  Mem., 

Assistant  Engineer,  Massachusetts  Highway  Commission, 

20  Pemberton  Square,  Boston,  Mass. 
Luther,  William  J.,  Mem., 

Civil  Engineer,  Assistant  Superintendent,  Attlebcro  Gas  Light  Co., 

Attleboro,  Mass. 
Lyman,  Edward,  Mem., 

Civil  and  Mechanical  Engineer,  Lowell  Mfg.  Co., 

431  Wilder  street,  Lowell,  Mass. 
Lyman,  John  F.,  Mem., 

Consulting  Engineer  and  Architect,  P.  O.  Box  2295,  Boston,  Mass. 
Lyon,  Joseph  P.,  Mem., 

Civil  Engineer,  Hanover,  Conn. 

Macksey,  Henry  V.,  Mem., 

Assistant  Engineer,  Boston  Water  Department, 

64  City  Hall,  Boston,  Mass. 
Macomber,  Harry  F.,  Mem., 

With  Luther  Dean,  C.E.,  187  County  street,  Taunton,  Mass. 

Main,  Charles  T.,  Mem., 

Dean  &  Main,  Mechanical  and  Mill  Engineers, 

53  State  street.  Room  11 12,  Boston,  Mass. 
Manahan,  Elmer  G.,  Mem., 

Assistant  in  office,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Manley,  Henry,  Mem., 

Assistant  Engineer,  Engineering  Department, 

51  City  Hall,  Boston,  Mass. 
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Manley,  Laurence  B.,  Mem., 

Engineer,  Massachusetts  Telephone  and  Telegraph  Co., 

185  Franklin  street,  Boston,  Mass. 
Marble,  Arthur  D.,  Mem., 

City  Engineer,  City  Hall,  Lawrence,  Mass. 

Martin,  James  W.,  Mem., 

Engineer  to  B.  F.  Smith  &  Bro.,  Water  Supply  by  Artesian  Well 
Method,  38  Oliver  street,  Boston,  Mass. 

Marvell,  Edward  I.,  Mem., 

Civil  and  Mechanical  Engineer, 

81  Bedford  street,  Fall  River,  Mass. 
Mason,  Charles  A.,  Mem., 

W.  A.  Mason  &  Son,  Civil  Engineers  and  Surveyors, 

631  Massachusetts  ave..  Cambridgeport,  Mass. 
Mattice,  Asa  M.,  Mem., 

Consulting  Engineer,  no  Locust  street,  Dover,  N.  H. 

McAlpine,  William  H.,  Mem., 

Hydrographic  Surveyor,  United  States  Steamship  "Ranger," 

18  Abbott  street,  Lawrence,  Mass. 
McClintock,  William  E.,  Mem., 

Civil  and  Hydraulic  Engineer,  15  Court  Square,  Boston,  Mass. 

McInnes,  Frank  A.,  Mem., 

Assistant  Engineer,  Engineering  Department,  Boston. 

23  Salcombe  street,  Dorchester,  Mass. 
McKay,  William  E.,  Mem., 

Assistant  Engineer,  Bay  State  Gas  Co.,  and  Boston  Gas  Light  Co., 

10  Pearl  street,  Dorchester,  Mass. 
McKenna,  James  A.,  Mem., 

Assistant  Engineer,   City  Engineer's   Office,         Providence,   R.   I. 
McKibben,  Frank  P.,  Mem., 

Instructor  in  Civil  Engineering,  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass. 
Metcalf,  Leonard,  Mem., 

Civil  Engineer.  14  Beacon  street,  Boston,  Mass. 

MiLDRAM,  Henry  C,  Mem., 

Assistant  Engineer,  Street  Laying-Out  Department, 

22  Old  Court  House,  Boston,  ]\Iass. 
Miller,  Edward  F.,  Mem., 

Professor,  Steam  Engineering,  Massachusetts  Institute  of  Technol- 
ogy, Boston,  Mass, 
Miller,  Hiram  A.,  Mem., 

Engineer,  Reservoir  Department,  Metropolitan  Water  Board, 

Clinton,  Mass. 
Miller,  William  L.,  Assoc.  Mem., 

Contractor  for  Public  Works,  17  Milk  street,  Boston,  Mass. 

Mills,  Charles,  Mem., 

Chief  Engineer,  Massachusetts  Highway  Commission, 

20  Pemberton  Square,  Boston,  Mass. 
Mills,  Frank  H.,  Mem.. 

City  Engineer,  Woonsocket,   R.  I. 

Miner,  Franklin  M.,  Mem., 

Engineering  Department,   Surveying  Division, 

27  Old  Court  House,  Boston,  Mass. 
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MiKicK,  George  L.,  Mem., 

Contracting  Engineer,  17  Pleasant  street,  Maiden,  Mass. 

Mitchell,  Henry,  Mem., 

Nantucket,  Mass. 
Mddre,  Arthur  C,  Mem., 

Civil  Engineer,  100  Main  street,  Southbridgc,  Mass. 

MoRRii.L,  George  S.,  Mem., 

Division  Engineer,  N.  Y.,  N.  H.  and  II.  R.  R.,        Boston,  Mass. 
Morris,  Fr.\nk  H.,  Mem., 

Civil  Engineer,  86  Hudson  street,  Somcrville,  Mass. 

Morrison,  H.\rry  J.,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

Box  13,  West  Boylston,  Mass. 
Morrison,  John  W.,  Mem., 

Manager,  Branch  Office  Hornblower  &  Weeks. 

53  State  street,  Room  203,  Boston,  Mass. 
Morse,  Charles  P.,  Mem., 

Assistant  Engineer,  Metropolitan  Park  Commission, 

12  Russell  street,  Maiden,  Mass. 
Morse,  William  P.,  Mem., 

Assistant  City  Engineer  of  Newton, 

City  Hall.  West  Newton,  Mass. 
Moses,  John  C,  Alem., 

Chief  Draftsman,  Boston  Bridge  Works, 

70  Kilby  street,  Boston,  Mass. 
MoTTE,  M.  Irving,  Mem., 

Manager  and  Engineer,  Boston  office.  Eleklron  Mfg.  Co., 

143  Federal  street,  Boston,  Mass. 
MouLTROP,  Irving  E.,  ]\Iem., 

Constructing  Engineer,  The  Edison  Electric  Illuminating  Co., 

3  Head  Place,  Boston,  Mass. 
Nash,  Henry  A.,  Jr.,  Mem., 

Civil  Engineer,  Weymouth  Heights,  Mass. 

Nelson,  George  A.,  Mem., 

Assistant  Engineer,  City  Engineer's  Office, 

City  Hall,  Lowell,  Mass. 
Nelson,  William,  Mem., 

Engineer  for  A.  B.  Black,  Concord  and  N.  E.  Agent,  Climax  Road 
Machine  Co..  Laconia,  N.  H. 

Nichols,  Alfred  E.,  Mem., 

With  Swain  Turbine  and  Mfg.  Co., 

142  Wilder  street,  Lowell,  Mass. 
NicKERSON,  Addison  C, 

Engineer  to  Sewer  Commissioners,  Hyde  Park,  Mass. 

Noble,  Walter  E.,  Mem., 

Assistant  Engineer,  Reservoir  Commission, 

City  Hall,  Fall  River,  Mass. 
NoRRis,  \\^alter  H.,  Mem., 

Chief  Engineer's  Office,  Boston  and  Maine  Railroad, 

Boston,  Mass. 
Nye,  George  H.,  T^Iem., 

Civil  Engineer.  323  Cottage  street.  New  Bedford,  Mass. 
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Ober,  Arthur  J.,  Mem., 

United  States  Inspector  on  River  and  Harbor  Work, 

Newport,  R.  I. 
Olmsted,  John  C,  Mem., 

Landscape  Architect,  Brookline,  Mass. 

Palmer,  Alfred  T.,  Mem., 

Civil  Engineer,  60  Fairbanks  street,  Brighton,  Mass. 

Parker,  Harold,  Mem., 

Parker  &  Bateman,  Civil  Engineers,  Clinton. 

Residence,  South  Lancaster,  Mass. 
Parker,  Willla.m,  Mem., 

Division  Engineer,  B.  and  A.  R.  R., 

372  South  Station,  Boston,  Mass. 
Parsons,  Charles  S.,  Mem., 

Chief  Clerk,  Engineer  Department,  50  City  Hall,  Boston,  Mass 

Patch,  Walter  W.,  Mem., 

Assistant  Engineer,   Metropolitan  Water  Works, 

Eastern  ave..  South  Framingham,  Mass. 
Pearson,  Charles  A.,  Mem., 

Civil  Engineer  and  Surveyor,      21  City  Square,  Charlestown,  Mass. 
Pearson,  Fred.  S.,  Mem., 

Chief  Engineer,  Metropolitan  Street  Railway  Co., 

Cable  Bldg.,  621  Broadway,  New  York,  N.  Y. 
Peck,  Charles  H.,  Mem., 

344  Blackstone  street,  Providence,  R.  I. 
Peirce,  Eugene  E.,  Mem., 

Assistant    Engineer    with    Massachusetts    Topographical    Survey 
Commission,  138  State  House,  Boston,  Mass. 

Peirce,  Frank  A.,  Mem., 

Civil  Engineer,  Greensboro,  N.  C. 

Perkins,  Clarence  A.,  Mem., 

Engineer,  N.  E.  Telegraph  and  Telephone  Co. 

Residence,  57  High  street.  Maiden,  Mass, 
Perkins,  Theodore  P.,  Mem., 

Assistant   Engineer,   Chief  Engineer's  Office,   Boston   and   Maine 
Railroad,  Boston,  Mass. 

Pettee,  Eugene  E.,  Mem., 

Draftsman,  with  J.  R.  Worcester,  C.E.,  Boston. 

Residence,  269  Lowell  ave.,  Newtonville,  Mass. 
Phillips,  Henry  A.,  Mem., 

Architect,  120  Tremont  street.  Room  503,  Boston,  Mass. 

Pierce,  Arthur  G.,  Mem.,  , 

Superintendent  of  Stations,  The  Edison  Electric  Illuminating  Co., 

3  Head  Place,  Boston,  Mass. 
Pierce,  Herbert  F.,  Mem., 

Pierce  &  Barnes,  Civil  Engineers,       7  Water  street,  Boston,  Mass. 
Pierce,  William  T.,  Mem., 

Engineer,  Metropolitan  Park  Commission, 

14  Beacon  street,  Boston,  Mass. 
Plimpton,  Arthur  L.,  Mem., 

Civil  Engineer  in  charge  of  the  Department  of  Civil  Engineering  of 

the  Bureau  of  Surface  Lines,  Boston  Elevated  Railway  Co., 

loi  Milk  street,  Boston,  Mass. 
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PoLLEYS,  William  V.,  Mem., 

Engineer's  Office,  N.  Y.,  N.  H.  and  H.  R.  R.. 

467  South  Station,  Boston,  Mass. 
Pope,  Lemuel,  Mem., 

Insurance  Inspector,  118  State  street,  Portsmouth,  N.  H. 

Pope,  Macy  S.,  Mem., 

Civil  Engineer.  31  Milk  street,  Boston,  Mass. 

Porter,  Dwight,  Mem., 

Professor  of  Hydraulic   Engineering,   Massachusetts   Institute  of 
Technology,  Boston,  Mass. 

Pratt,  Dana  M.,  Mem., 

Assistant  with  French  &  Bryant, 

334  Washington  street,  Brookline,  Mass. 
Pratt,  Daniel  W.,  Mem., 

Assistant  Engineer  with  E.  W.  Bowditch, 

60  Devonshire  street,  Boston,  Mass. 
Pratt,  N.  Raymond,  Mem., 

Civil  Engineer,  Sudbury,  Mass. 

Pratt,  Robert  W.,  Jr.,  Mem., 

Assistant    in    Engineer's    Office,    Massachusetts,    State    Board    of 
Health.  Residence,  Waban,  Mass. 

Putnam,  Charles  E.,  Mem., 

Assistant  Engineer,  Park  Department, 

Jamaica  Park,  Jamaica  Plain,  Mass. 
Reynolds,  Henry  J.,  Mem., 

City  Engineer's  Office,  Providence,  R.  I. 

Rice,  George  S.,  Mem., 

Deputy  Chief  Engineer,  Rapid  Transit  Railroad  Commission, 

320  Broadway,  New  York,  N.  Y. 
Rice,  James,  Mem., 

Inspector,  Hartford  Steam  Boiler  Inspection  and  Insurance  Co., 
125  Milk  street.  Room  40,  Boston,  Mass. 
Rice,  L.  Frederick,  Mem., 

Assistant  Engineer,  American  Bell  Telephone  Co., 

125  Milk  street,  Boston,  Mass. 
Rice,  Otis  D.,  Mem., 

Civil  Engineer,  Hancock  House,  Quincy,  Mass. 

Rich,  Isaac,  Mem., 

Assistant  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R.,  Boston. 

Residence,  36  Walnut  street,  Somerville.  Mass. 
Richards,  Robert  H.,  Mem., 

Professor  Mining  Engineering  and  Metallurgy,   Massachusetts 
Institute  of  Technology,  Boston,  Mass. 

Richards,  Walter  H.,  Mem., 

Engineer  of  Water  and  Sewer  Departments,  New  London,  Conn. 
Richardson,  Thomas  F.,  Mem., 

Engineer,    Dam  and  Aqueduct   Department,   Metropolitan  Water 
Board,  Clinton,  Mass. 

Rollins,  James  W.,  Jr.,  Mem., 

Of  Holbrook,   Cabot  &  Daly,   Contractors,    1007  Tremont   Bldg., 
Boston.  Residence,  West  Roxbury,  Mass. 
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RoBBiNS,  Arthur  G.,  Mem., 

Assistant  Professor  of  Highway  Engineering,  Massachusetts  Insti- 
tute of  Technology,  Boston,  Mass. 
RoBBiNS,  Franklin  H.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston. 

Residence,  13  Waterhouse  street,  Cambridge,  Mass. 
Ross,  Edward  L.,  Mem., 

Mechanical  Engineer,  Indian  Orchard,  Mass. 

Ross,  Elmer  W.,  Mem., 

Assistant  Engineer,  Bridge  Department,  City  Engineer's  Office, 

Providence,  R.  I. 
RowELL,  Frank  B.,  Mem., 

Assistant  Engineer,  Boston  and  Maine  Railroad, 

14  Linwood  Road,  Lynn,  Mass. 
SabinEj  Edward  D.,  Mem., 

Engineer,  Boston  Pneumatic  Transit  Co., 

89  State  street,  Boston,  Mass. 
Safford,  Arthur  T.,  Mem., 

Assistant  Engineer,  Props.,  The  Locks  and  Canals  on  Merrimack 
River.  66  Broadway,  Lowell,  Mass. 

Sampson,  George  T.,  Mem., 

Division  Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 

South  Union  Station,  Boston,  Mass. 
Sanborn,  Frank  B.,  Mem., 

Assistant  Professor  of  Civil  Engineering,  Tufts  College. 

Residence,  17  Sacramento  street,  Cambridge,  Mass. 
Sando,  Will  J.,  Mem., 

Manager,  International  Steam  Pump  Co.,  Brooklyn,  N.  Y. 

Sargent,  Alfred  F.,  Mem., 

Civil  Engineer  and  Notary  Public,  425  Main  street.  Maiden,  Mass. 
Saville,  Caleb  Mills,  Mem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Saville,  George  G.,  Mem., 

178  Devonshire  street,  Boston,  Mass. 
Sawyer,  Edward,  Mem., 

Civil  Engineer,  60  Congress  street,  Boston,  Mass. 

Sawyer,  Walter  H.,  Mem., 

Civil  Engineer,  60  Congress  street,  Boston  Mass. 

ScHWAMB,  Peter,  Mem., 

Professor  of  Mechanism,  Massachusetts  Institute  of  Technology, 

Boston,  Mass. 
Sedgwick,  William  T.,  A-Iem.. 

Professor  of  Biology,  Massachusetts  Institute  of  Technology, 

Boston,  Mass. 
Sellew,  Edgar  P.,  Mem., 

Assistant  Surveyor  in  Street  Laying-Out  Department, 

23  Old  Court  House,  Boston,  Mass. 
Semple,  William  J.  C,  Mem., 

Street  Laying-Out  Department,  Surveying  Division, 

23  Old  Court  House,  Boston,  Mass. 
Servis,  George  O.  W.,  Mem., 

Assi.stant  in  City  Engineer's  Office,      City  Hall,  Somerville,  Mass. 


BOSTON   SOCIETY  OF  CIVIL  JCXGIXEERS.  21 

Shaw,  Edward  S.,  Mem., 

Bridge  and  Consulting  Engineer,       12  Pearl  street,  Boston,  Mass. 
Shedd,  Edward  W.,  Mem., 

Civil  Engineer,  146  Westminster  street,  Providence,  R.  I. 

Shedd,  George  G.,  Mem., 

With  Metropolitan  Water  Board,  75  Walnut  street,  Clinton,  Mass. 
Shedd,  J.  Herhert,  Mem., 

Consulting  Engineer,  Providence,  R.  I. 

Shepard,  Walter,  Mem., 

Giief  Engineer,  B.  and  A.  R.  R.,  Boston. 

Residence,  79  Bloomfield  street,  Dorchester,  Mass. 
Sherman,  Charles  W.,  Mem., 

Assistant    Engineer,    Sudbury    Department,    Metropolitan    Water 
Works,  I  Ashburton  Place,  Boston,  Mass. 

Sherry,  Frank  E.,  Mem., 

Hyde  &  Sherry,  Civil  Engineers  and  Surveyors, 

15  Court  Square,  Boston,  Mass. 
Shirreffs,  Reuben,  Mem., 

Chiet  Engineer,  Va.  Electric  Railway  and  Development  Co., 

Richmond,  Va. 
Skinner,  Fenvvick  F.,  Mem., 

Draftsman,  Pencoyd  Iron  Works, 

113  RocheJle  ave.,  Philadelphia,  Pa. 
Sleeper,  George  E.,  Mem., 

Civil  Engineer,  P.  O.  Box  3198,  Boston,  Mass. 

Smilie.  Edward  S.,  Mem., 

Civil  Engineer  and  Surveyor,  Newton,  Mass. 

Smith,  Chester  W.,  Mem., 

Assistant  Engineer  with  Metropolitan  Water  Board, 

2,72,  Chestnut  street,  Clinton,  Mass. 
Smith,  Melvin  B.,  Mem., 

Civil  Engineer  and  Surveyor,  26  Hildreth  Bldg.,  Lowell,  Mass. 

Smith,  Sidney,  Mem., 

Civil  Engineer,  91  Maple  street,  West  Roxbury,  Mass. 

Snow,  F.  Herbert,  Mem., 

Snow  &  Barbour,  Civil  and  Sanitary  Engineers, 

1 120  Tremont  Bldg.,  Boston,  Mass. 
Snow,  Franklin  A.,  Mem., 

Civil  Engineer  and  Contractor,  Brookline,  Mass. 

Snow,  J.  Parker,  Mem., 

Bridge  Engineer,  Boston  and  Maine  Railroad, 

Boston,  Mass. 
Sondericker,  Jerome,  Mem., 

Associate  Professor  of  Applied  Mechanics,  Massachusetts  Institute 
of  Technology,  Boston,  Mass. 

Sonne,  Otto,  Mem., 

Civil  Engineer, 

68  Devonshire  street  (P.  O.  Box  3051),  Boston,  Mass. 
Soper,  George  A.,  Mem., 

Engineer  and  Chemist,  29  Broadway,  New  York,  N.  Y. 

Spalding,  Frederic  P.    Mem., 

Assistant  Engineer,  Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
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Spear,  Walter  E.,  Mem., 

Civil  Engineer,  814  Banigan  Bldg.,  Providence,  R.  I. 

Spofford,  Nelson,  Mem., 

Civil  Engineer  and  Surveyor  for  Massachusetts  on  her  Northern 
Boundary,  14  Water  street,  Haverhill,  Mass. 

Stanford,  Homer  R.,  Mem., 

Civil  Engineer,  United  States  Navy, 

Naval  Training  Station,  San  Francisco,  Cal. 
Stark,  William  E.,  Mem., 

Instructor  of  Physics,  Rindge  Manual  Training  School, 

26  Whittier  street,  Cambridge,  Mass. 
Stearns,  Edward  B.,  Mem., 

Contracting  Engineer,  American  Bridge  Co., 

Chamber  of  Commerce  Bldg.,  Cleveland,  Ohio. 
Stearns,  Frederic  P.,  Me    ., 

Chief  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Stephenson,  Frank  H.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston. 

Residence,  51  Aldrich  street,  Jamaica  Plain,  Mass. 
Stevens,  Harold  C,  Mem., 

Office  Assistant,  Engineering  Department,  Metropolitan  Water 
Board,  i  Ashburton  Place,  Boston. 

Residence,  Braintree,  Mass. 
Stevens,  Walter  C,  Mem., 

Civil  Engineer,  541  Main  street,  Melrose,  Mass. 

Stoddard,  George  C,  Mem., 

Civil  and  Sanitary  Engineer, 

215  West  125th  street.  New  York,  N.  Y. 
Stocy,  Isaac  M.,  Mem., 

Engineer,  N.  Y.,  N.  H.  and  H.  R.  R., 

21  Linden  ave.,  Somerville,  Mass. 
Stratton,  George  E.,  Mem., 

Draftsman,  United  States  Engineers'  Office. 

Residence,  145  West  Newton  street,  Boston,  Mass. 
Street,  Leonard  L.,  Mem., 

With  Boston  Transit  Commission, 

121  Stoughton  street,  Dorchester,  Mass. 
Swain,  George  F.,  Mem., 

Professor  of  Civil   Engineering,   Masschusetts   Institute  of  Tech- 
nology, and  Engineer,  Massachusetts  Railroad  Commissioners, 

Boston,  Mass. 
Sweet,  Kilburn  S.,  Mem., 

Instructor  in  Civil  Engineering,  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass. 
Symonds,  Henry  A.,  Mem., 

Assistant  Engineer  with  Taylor  &  Tyler,  Box  98,  Belmont  Mass. 
Taber,  James  C.  S.,  Mem., 

Civil  Engineer,  31  Milk  street.  Room  315,  Boston,  Mass. 

Taylor,  Edwin  A.,  Mem., 

Civil  Engineer  with  L.  A.  Taylor,  C.E., 

10  Dean  street,  Worcester,  Mass. 
Taylor,  Gordon  H.,  Mem., 

Civil  Engineer,  iiigTremont  Bldg.,  Boston,  Mass. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS.  23 

Taylor,  Lucian  A.,  Mem., 

Civil  Engineer  and  Contractor,  719  Tremont  Bldg.,  Boston,  Mass. 
Temperley,  Charles,  Mem., 

Assistant  in  City  Engineer's  Office, 

„     ,,  7  High  street,  Medford,  Mass. 

Thompson,  Sanford  E.,  Mem., 

Civil  Engineer,  Newton  Highlands,  Mass. 

Thorndike,  Sturgis  H.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

_  ^  ^      ,  60  City  Hall,  Boston,  Mass. 

Tighe,  James  L.,  Mem., 

City  Engineer,  Holyoke,  Mass. 

Tilden,  James  A.,  Mem., 

General  Manager,  Hersey  Mfg.  Co.,  South  Boston,  Mass. 

Tingley,  Richard  H.,  Mem., 

Civil  Engineer,  75  Westminster  street.  Providence,  R.  I. 

Tinkuam,  S.  Everett,  Mem., 

Assistant  Engineer,  Engineering  Department, 

60  City  Hall,  Boston,  Mass. 
ToMLiNSON,  Alfred  T.,  Mem., 

Consulting  and  Division  Engineer,  Boston  Elevated  Railway  Co., 

4  Westminster  ave.,  Roxbury,  Mass. 
Titus,  John  E., 

Coolidge  &  Titus,  Landscape  Architects, 

53  State  street,  Room  720,  Boston,  Mass. 
Treadwell,  Edward  D.,  Mem., 

Surveyor,  Engineering  Department,  Maiden, 

124  Linden  ave..  Maiden,  Mass. 
Tripp,  Oscar  H.,  Mem., 

Civil  Engineer,  Rockland,  Me. 

Tucker,  Francis  C,  Mem., 

City  Engineer,  Deadwood,  S.  D. 

Tucker,  Lester  W.,  Mem., 

Assistant  Engineer,  Boston  and  Maine  Railroad,  Boston,  Mass. 

Turner,  Daniel  L.,  Mem., 

Instructor    in    Topographical    Engineering,    Lawrence    Scientific 
School,  Cambridge,  Mass. 

Turner,  Edmund  K.,  Mem., 

Civil  Engineer,  442  Exchange  Bldg.,  Boston,  Mass. 

Varney,  Henry  A.,  Mem., 

Assistant  Engineer,  Room  2,  Town  Hall,  Brookline,  Mass. 

Vaughan,  Louis  B.,  Mem., 

Assistant  Engineer,  Boston  Elevated  Railway  Co. 

Residence,  100  Pembroke  street,  Boston,  Mass. 
ViCKERY,  Gilbert  S.,  Mem., 

With  Pennsylvania  Steel  Co.,  1222  Market  street,  Harrisburg,  Pa. 
VosE,  George  L.,  Hon.  Mem., 

Civil  Engineer,  Paris,  Me. 

Waitt,  Charles  G.,  Mem., 

Civil  Engineer,  Waitt's  Block,  Maiden,  Mass. 

Wales,  Frederick  N.,  Mem., 

Clerk  of  Board  of  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 


24  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Walker,  Ei.ton  D.,  Mem., 

Assistant  Professor  of  Civil  Engineering.  Pennsylvania  State  Col- 
lege, State  College,  Pa. 
Wallace,  Chester  J.,  ]\Iem., 

Assistant  Engineer,  Metropolitan  Water  Board, 

I  Ashburton  Place,  Boston,  Mass. 
Wallace,  Joseph  II.,  Mem., 

Tower  &  Wallace,  Mill  Architects  and  Hydraulic  Engineers, 

309  Broadway,  New  York,  N.  Y. 
Walworth,  Arthur  C,  Mem., 

President,  A\'ahvorth  Construction  and  Supply  Co., 

100  Pearl  street,  Boston,  Mass. 
Warren,  George  M.,  Mem., 

With  L.  E.  Hawes,  C.E.,  751  Tremont  BIdg.,  Boston,  Mass. 

Wason,  Leonard  C,  Mem., 

President,  Aberthaw  Construction  Co.,  7  Exchange  Place,  Boston. 
Residence,  199  Harvard  street,  Brookline,  Mass. 
Waterman,  Frank  E.,  Mem., 

Civil  Engineer,  86  Weybosset  street.  Providence,  R.  I. 

Watson,  William,  Mem., 

Secretary,  American  Academy  of  Arts  and  Sciences, 

107  Marlborough  street,  Boston,  Mass. 
Webb,  DeWitt  C.  Mem., 

Civil  Engineer,  53  State  street.  Room  542,  Boston,  Mass. 

Webber,  William  O.,  Mem., 

Consulting  Engineer,  Room  432,  53  State  street,  Boston,  Mass. 

Webber,  Winslow  L.,  Mem., 

City  Engineer,  City  Hall,  Gloucester  Mass. 

Wellington,  Arthur  J.,  Assoc.  Mem., 

Manager,  Gates  Iron  Works,  and  Atlantic  Dynamite  Co., 

237  Franklin  street,  Boston,  Mass. 
Wells,  Charles  E.,  Mem., 

Division  Engineer,  Metropolitan  Water  Board, 

55  Prescott  street,  Clinton,  Mass. 
Wescott,  Frank  T.,  Mem., 

Superintendent  of  Streets,  North  Attleborough,  Mass. 

Weston,  Edmund  B.,  Mem., 

Consulting  Engineer,  86  Weybosset  street.  Providence,  R.  I. 

Wetherbee,  George  A.,  Mem., 

City  Engineer,  City  Hall,  Maiden.  Mass. 

Wheeler,  Bertrand  T.,  Mem., 

Superintendent  of  Streets,  47  City  Hall,  Boston,  Mass. 

Wheeler,  William,  Mem., 

Civil  and  Hydraulic  Engineer,  14  Beacon  street,  Boston,  Mass. 

White,  Hartley  L.,  Mem., 

White  &  Wetherbee,  Civil  Engineers,  offices  in  Braintree,  Brock- 
ton and  at  170  Summer  street,  Boston. 
Whiting,  Russell  H.,  Mem., 

Assistant  with  French  &  Bryant, 

334  Washington  street,  Brookline,  Mass. 
Whitney,  Frank  O.,  Mem., 

Chief  of  Surveying  Division,  Street  Laying-Out  and  Engineering 
Departments,  25  Old  Court  House,  Boston,  Mass. 
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Whitney,  George  E.,  Mem., 

With  Boston  Gas  Light  Co.,  24  West  street,  Boston,  Mass. 

Whitney,  Orvii.i.e  J.,  Mem., 

With  Boston  Electric  Ry.  Co.,  32  Franklin  street,  Medford,  Mass. 
Whitten,  Eknest  p.,  Mem., 

Civil  Engineer  with  Aspenwall  &  Lincoln, 

49  Irving  street.  West  Roxbury,  Mass. 
WuiTTiER,  Ch.vri.es  C,  Mem., 

Civil  Engineer,  20  Berkeley  street,  Maiden,  Mass. 

WiGGiN,  Ernest  W.,  Mem., 

With  Bridge  Department,  N.  Y.,  N.  H.  and  H.  R.  R., 

New  Haven,  Conn. 
VViGGiN,  Thomas  H.,  Mem., 

With  Metropolitan  Water  Board,  i  Ashburton  Place,  Boston. 

154  Mountain  ave..  Maiden,  Mass. 
Wilkes,  Ch.vrles  M.,  Mem., 

Sanitary  Engineer,  1142  The  Rookery,  Chicago,  111. 

WiLLi.\MS,  WiLLi.\M  F.,  Mem., 

City  Engineer,  2  Court  street,  New  Bedford,  Mass. 

Wilson,  Herbert  A.,  Mem., 

Engineering  Department,  60  City  Hall,  Boston,  Mass. 

Winslow,  Frederic  I.,  Mem., 

Assistant  Engineer,  Engineering  Department, 

49  City  Hall,  Boston,  Mass. 
Winsor,  Fr.vnk  E.,  Mem., 

With  Metropolitan  Water  Board, 

82  Union  ave.,  South  Framingham,  Mass. 
Wood,  George  W.,  Mem., 

Agent,  Best  Manufacturing  Co.,  31  Milk  street,  Boston,  Mass. 

Wood,  Henry  B.,  Mem., 

Chief  Engineer,  Topographical  Survey  Commission, 

138  State  House,  Boston,  Mass. 
Wood,  Irving  S.,  Mem., 

Assistant  Engineer  in  charge  of  Water  Department, 

City  Engineer's  Office,  Providence,  R.  I. 
WooDFALL,  J.  L.,  Mem., 

Civil  and  Sanitary  Engineer,  15  Court  Square,  Boston,  Mass. 

Woods,  Henry  D.,  Mem., 

Civil  Engineer,  99  Highland  street,  West  Newton,   Mass. 

Woodward,  M.  Grant,  Mem., 

Assistant  Engineer,  Cambridge  Bridge, 

374  Cambridge  street,  Boston,  Mass. 
Worcester,  Joseph  R.,  Mem., 

Civil  Engineer,  53  State  street,  Boston,  Mass. 

Wyman,  Alfred  M.,  Mem., 

Civil  Engineer,  836  Main  street,  Waltham,  Mass. 

Young,  E.  Elbert,  Mem., 

Civil  Engineer,  Auburndale,  Mass. 
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Civil  Engineers'  Club  of  Cleveland. 


Allen,  George  I.,  B.S.,  Act.  Mem., 

Mechanical  Engineer,  Cleveland  City  Forge  and  Iron  Ccn, 

84  Kennard  street,  Cleveland. 
Allen,  Luther,  Assoc.  Mem., 

President  Adams  Bag  Co.,  1695  Euclid  ave.,  Cleveland. 

Allen,  Walter  Morrison,  Act.  Mem., 

Superintendent  for  Warner  &  Swasey,  40  Spangler  ave.,  Cleveland. 
Andrews,  Horace  E.,  Ph.B.,  Act.  Mem., 

Director,  The  Cleveland  Electric  Railway  Co., 

The  Cuyahoga,  Cleveland". 
Baackes,  Michael,  Act.  Mem., 

Vice-President  Baackes  Wire  Nail  Co., 

712  Willson  ave.,  Cleveland. 
Balkwill,  Stephen,  Jr.,  Assoc.  Mem., 

Foreman,  The  Cleveland  Frog  and  Crossing  Co., 

8  Van  Ness  ave.,  Cleveland. 
Barber,  Clarence  M.,  C.E.,  Act.  Mem., 

Constructing  Engineer,   Semet-Solvay  Co.,  Detroit,  Mich. 

Bardons,  George  C,  Act.  Mem., 

Of  Bardons  &  Oliver,  Tool  Manufacturers, 

Case  ave.  and  Hamilton  street,  Cleveland. 
Barnett,  James,  Act.  Mem.. 

President   First   National    Bank,    President  The   Geo.    Worthing- 
ton  Co.,  697  Euclid  ave.,  Cleveland. 

Barnum,  Frank  S.,  Act.  Mem., 

Architect,  New  England  Bldg.,  Cleveland. 

Barren,  Henry  A.,  M.E.,  Act.  Mem., 

Master  Mechanic,  American  Steel  and  Wire  Co., 

201  Miles  ave.,  Cleveland. 
Bartol,  George,  S.B.,  Act.  Mem., 

General  Manager  The  Otis  Steel  Co.,  Ltd..  Cleveland. 

Beardsley,  Joseph  C,  Act.  Mem., 

Second  Assistant  Engineer,  Water  Works  Division,   Department 
of  Public  Works,  354  Superior  street,   Cleveland. 

Benjamin,  Charles  H.,  M.E.,  Act.  Mem., 

Professor   of   Mechanical    Engineering,    Case    School   of   Applied 
Science,  89  Adelbert  street,  Cleveland. 

Bever,  John  J.,  Act.  Mem., 

Superintendent  Foundry,  The  Otis  Steel  Co.,  Ltd., 

97  Scott  street,  Cleveland. 
BiDLE,  William  S.,  B.S.,  M.E.,  Act.  Mem., 

Mechanical  Engineer,  Manager  Turnbuckle  Depa.tment,  Cleveland 
City  Forge  and  Iron  Co.,  955  Detroit  street,  Cleveland. 

Bidwell,  Jason  A..  Act.  Mem., 

Superintendent  Union  Steel  Screw  Co., 

139  Kensington  street,  Cleveland. 
Bishop,  Albert  C,  Assoc.  Mem., 

Chief  Engineer,  The  Independent  Ice  Co., 

193  Sawtell  ave.,  Cleveland. 
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BissELL,  Frank  E.,  Act.  Mem., 

Assistant  Engineer,  Lake  Shore  and  Michigan  Southern  Railroad, 

Ashtabula,  Ohio. 
Blackwell,  Charles,  Act.  Mem., 

Assistant  Engineer,  Wheeling  and  Lake  Erie  Railroad, 

40  Oak  Park  street,  Cleveland. 
Blunt,  William  T.,  Cor.  Mem., 

U.  S.  Assistant  Engineer,  U.  S.  Eng.  Office,  Toledo,  Ohio. 

BoALT,  Eugene  E.,  C.E.,  Act.  Mem., 

Civil  Engineer,  45  Outhwaite  ave.,  Cleveland. 

BoGARDUs,  William  B.,  Act.  Mem., 

Engineer,  with  The  Osborn  Co.,  509  Osborn  Bldg.,  Cleveland. 

Bone,  W.  H.,  Cor.  Mem., 

General  Manager  The  Ironsides  Co.,  Columbus,  Ohio. 

Bowler,  George  H.,  Assoc.  Mem., 

Machinery  Dealer,  partner  Reade  &  Bowler, 

513  Williamson  Bldg.,  Cleveland. 
Bowler,  Noadiah  P.,  Act.  Mem., 

Foundryman,  firm  of  Bowler  &  Co.,        14  Winter  street,  Cleveland. 
Bright,  Fred.  E.,  Assoc.  Mem., 

Superintendent  of  The  Rogers  Typograph  Co., 

145  Cannon  street,  E.  C,  London,  Eng. 
Brown,  Alexander  E.,  C.E..  M.E.,  Act.  Mem., 

Vice-Prcoident  and  General   Manager  The  Brown   Hoisting  and 
Conveying  Machine  Co.,  1151  Prospect  street,  Cleveland. 

Brown,  Fayette,  Act.  Mem., 

President    The    Brown    Hoisting    and    Conveying    Machine    Co., 
Chairman  Stewart  Iron  Mfg.   Co.,   Ltd.,   President  The  Na- 
tional Chemical  Co.,  Perry-Payne  Bldg.,  Cleveland. 
Brown,  T.  Morris,  A.B.,  Act.  Mem., 

Electrical  Engineer,  with  The  Brown  Hoisting  and  Conveying  Ma- 
chine Co.,  583  Sibley  street,  Cleveland. 
Brown,  Wendell  P.,  Act.  Mem., 

Engineer,  The  King  Bridge  Co.,  314  Hough  ave.,  Cleveland. 

Burns,  William  H.,  Act.  Mem., 

Firm  of  M.  F.  Bramley  &  Co.,  97  Carroll  street,  Cleveland. 

Cadwell,  Charles  A.,  B.S.,  Act.  Mem., 

Draftsman,  Qeveland  Electric  Railway  Co., 

1250  Curtiss  ave.,  Cleveland. 
C.vrpenter,  Allan  W.,  B.S.,  C.  E.,  Cor.  Mem., 

Assistant  Engineer,  New  York  Central  and  Hudson  River  Railroad, 
502  Grand  Central  Station,  New  York  city. 
Carter,  William  J.,  Act.  Mem., 

Superintendent  of  Construction,  Quartermaster's  Department, 

Ft.  Preble,  Portland,  Me. 
Chamberlin,  Frank  H.,  Act.  Mem., 

Proprietor  and  Manager  Cleveland  Facing  Mill  Co., 

49  Knox  street,  Cleveland. 
Chapin,  Loomis  E.,  C.E.,  Act.  Mem., 

City  Civil  Engineer,  Canton,  Ohio. 

Chisholm,  William,  Act.  Mem., 

Former  President  Cleveland  Rolling  Mill  Co., 

779  Euclid  ave.,  Cleveland. 
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Chisholm,  William,  Sr.,  Act.  Mem., 

General  Manager  Chisholm  Steel  Shovel  Works, 

364  Case  ave.,  Cleveland. 
Clark,  William  C,  Act.  Mem., 

Mechanical  Engineer,  112  Twenty-third  ave.,  Cleveland. 

Cobb,  Philip  L.,  C.E.,  Act.  Mem., 

Civil  Engineer,  2509  Euclid  ave.,  Cleveland. 

Coffin,  John  N.,  Act.  Mem., 

Mechanical  Engineer,  312  Perry-Payne  Bldg.,  Cleveland. 

CoMSTOCK,  Charles  W.,  Act.  Mem., 

Purchasing  Agent,  Wellman-Seaver  Eng.  Co., 

1405  New  England  Bldg.,  Cleveland. 
Cooke,  Edward  C,  C.E.,  Act.  Mem., 

Civil  Engineer,  44  Hough  Place,  Cleveland. 

Corlett,  John  F.,  Assoc.  Mem., 

Iron  and  Steel  Commission,        409  Perry-Payne  Bldg.,  Cleveland, 
Covert,  John  Sterling,  Act.  Mem.. 

Draftsman,  The  King  Bridge  Co.,  3  Isham  Court,  Cleveland. 

CowLES,  Walter  L.,  C.E.,  Ph.B.,  Act.  Mem., 

Bridge  and  Structural  Engineer,  The  Brown  Hoisting  and  Con- 
veying Machine  Co.,  Cleveland. 
CowLES,  William  B.,  Act.  Mem., 

W.  B.  Cowles  0:  Co.,  Lake  and  Wason  streets,  Cleveland. 
Cox,  Jacob  Dolson,  Jr.,  Act.  Mem., 

Proprietor  of  Cleveland  Twist  Drill  Co., 

Lake  and  Kirtland  streets,  Cleveland. 
Cromwell,  John  C,  Act.  Mem., 

Mechanical  Engineer,  Garrett-Cromwell  Engineering  Co., 

589  Case  ave.,  Cleveland. 
CuLLEY,  George,  Act.  Mem., 

Civil  Engineer,  4  Redell  street,  Cleveland. 

CuLLEY,  John  L.,  C.E.,  Act.  Mem., 

Civil  and  Landscape  Engineer,  33  Blackstone  Bldg.,  Cleveland. 

Dailey,  Charles  I.,  Act.  Mem., 

Master  Mechanic,  American  Steel  and  Wire  Co.,  Lake  Shore  Dis- 
trict. 281  Hough  ave.,  Cleveland. 
Davis,  Charles  H.,  C.E.,  Act.  Mem., 

Consulting  Engineer,  99  Cedar  street,  New  York  city. 

De  Forest,  Albert  T.,  Act.  Mem., 

Manager  American  Steel  and  Wire  Co., 

2677  Euclid  ave..  Cleveland. 
De  La  Mater,  Stephen  T.,  Act.  Mem., 

With  The  Osborn  Co.,  Civil  Engineers, 

509  Osborn  Bldg.,  Cleveland. 
Dercum,  Otto,  Act.  Mem., 

Civil  Engineer,  38  City  Hall,  Cleveland. 

DoDD,  Samuel  T.,  E.E.,  Cor.  Mem., 

Electrical  Engineer,  Link  Belt  Machinery  Co., 

Thirty-ninth  street  and  Stewart  ave.,  Chicago,  III. 
Dunham,  H.  F.,  Act.  Mem., 

Civil  Engineer,  2  Wall  street.  New  York  city. 
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DuTTON,  CriAS.  F.,  Act.  Mem., 

Science  Instructor,  West  High  School, 

349  Franklin  ave.,  Cleveland. 
Dyer,  Harold  P.,  Act.  Mem., 

Constructing  Engineer  for  E.  H.  Dyer  &  Co.,  builders  of  Sugar 

Machinery,  705  New  England  BIdg.,  Cleveland. 

EsTEP,  JosiAH  M.,  Act.  Mem., 

Assistant  Engineer,  Department  Public  Works, 

51  Bell  ave.,  Cleveland. 
EvERS,  William  H.,  Act.  Mem., 

County  Surveyor,  Cuyahoga  county,        70  Jersey  street,  Cleveland. 
Fairfield,  Howard  P.,  Act.  Mem., 

Head  Instructor  in  Machine  Practice,  Worcester  Polytechnic  In- 
stitute, Worcester,  Mass. 
Falding,  Frederick  J.,  Cor.  Mem., 

Consulting  Chemical  Engineer,        45  Broadway,  New  York  city. 
Faragher,  Burton  P.,  Act.  Mem., 

Engineer,  Water  Works  Department, 

63  Hampden  street,  Cleveland. 
Foote,  Andrew  W., 

Machine  Tool  Manufacturer,  555  Sibley  street,  Cleveland. 

Force,  Cyrus  G.,  Jr.,  Cor.  Mem., 

Consulting  Engineer,  Succassunna,  Morris  Co.,  N.  J. 

Fuller,  Harry,  Act.  Mem., 

Engineer,  The  King  Bridge  Co.,  21  Gale  ave.,  Cleveland. 

Galvin,  Archie  J.,  Act.  Mem., 

Engineer,   Intercepting   Sewer  Department, 

849  Lorain  street,  Cleveland. 
Garrett,  William,  Act.  Mem., 

Manager  Garrett-Cromwell  Engineering  Co., 

46  Dorchester  ave.,  Cleveland. 
GiBBS,  Harlev  B.,  Act.  Mem., 

Treasurer  The  King  Bridge  Co.,  Cleveland. 

GoBEiLLE,  Joseph  Leon,  Act.  Mem., 

President  The  Gobeille  Pattern  Co., 

Leonard  and  Winter  streets,  Cleveland. 
Goffing,  Charles,  Act.  Mem., 

Mechanical  Engineer,  Water  Works  Department, 

City  Hall,  Cleveland. 
Green,  Bern.a.rd  L.,  Act.  Mem., 

Civil  Engineer,  Member  of  The  Osborn  Co., 

509  Osborn  Bldg.,  Cleveland. 
Greene,  Stanley  R.,  Act.  Mem., 

Civil  Engineer,  Mechanic  with  The  Brown  Hoisting  and  Conveying 
Machine.  Co.,  743  Willson  ave.,  Cleveland. 

Handy,  Edward  A.,  B.S.,  Act.  Mem., 

Chief  Engineer,  Lake  Shore  and  Michigan  Southern  Railway, 

L.  S.  and  M.  S.  Railway  Bldg.,  Cleveland. 
Hanlon,  William  B.,  Act.  Mem., 

Chief  Engineer,  Cleveland,  Lorain  and  Wheeling  Railroad  Co., 
Mining  Engineer  for  Coal  Companies, 

825  Hickox  Bldg.,  Cleveland. 

[S] 
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Harman,  Ralph  A.,  Ph.B.,  Act.  Mem., 

Manufacturer  of  Forgings,  with  Cleveland  City  Forge  and  Iron 
'  Co.,  Cleveland. 

Harrington,  Ferdinand  F.,  Act.  Mem., 

Civil  Engineer,  509  Osborn  BIdg.,  Cleveland. 

Hart,  Emmett  E.,  Act.  Mem., 

Chief  Engineer,  New  York,  Chicago  and  St.  Louis  Railroad, 

98  Burt  street,  Cleveland. 
H.\TCH,  James  N.,  Act.  Mem., 

Superintendent  Construction,  United  States  Public  Buildings, 

Streator,  111. 
Haupt,  Chas.  H.,  Act.  Mem., 

Civil  Engineer,  "jjt  Edgewood  Place,  Cleveland. 

Henderer,  William  0.,  Act.  Mem., 

Member  of  The  Osborn  Co.,  Civil  Engineers, 

509  Osborn  Bldg.,  Cleveland. 
Herman,  Ludwig,  M.E.,  Act.  Mem., 

Master  Mechanic,  The  Mechanical  Rubber  Co., 

120  Second  ave.,  Cleveland. 
Hill,  Harold  H.,  Act.,  Mem., 

Agent,  Erie  City  Iron  Works,  786  Genesee  ave.,  Cleveland. 

Hobbs,  Perry  L.,  B.S.,  Ph.D.,  Act.  Mem., 

Professor  of  Chemistry,  Western  Reserve  Medical  College, 

Cleveland. 
Hoffman,  Robert,  Act.  Mem., 

Assistant  Engineer,  City  Civil  Engineer's  Office,  City  Hall, 

55  Osborn  street,  Cleveland. 
Hoit,  Lehman  B.,  Act.  Mem., 

Hydraulic  Engineer,  Ohio  Sales  Manager,  Henry  R.  Worthington, 

582  E.  Prospect  street,  Cleveland. 
HoNSBERG,  August  A.,  Act.  Mem., 

Draftsman,  Department  Public  Works,    ' 

309  City  Hall,  Cleveland. 
HoPKiNSON,  Charles  W.,  B.S.,  Act.  Mem., 

Architect,  50  Euclid  ave.,  Cleveland. 

Horner,  Edward,  Act.  Mem., 

Draftsman,  City  Civil  Engineer,  43  Lena  ave.,  Cleveland. 

Howe,  Charles  S.,  Ph.D.,  Act.  Mem., 

Professor  of  Mathematics  and  Astronomy,  Case  School  of  Ap- 
plied Science,  Cleveland, 
Hyde,  A.  Lincoln,  Ph.B.,  C.E.,  Act.  Mem., 

Engineer,  American  Bridge  Co.         100  Broadway,  New  York  city. 
Hynd,  Alexander,  Act.  Mem., 

Mechanical  Engineer,  Great  Lakes  Register, 

94  Courtland  street,  Cleveland. 
Jackson,  Ernest  S.,  Act.  Mem., 

County  Engineer,  Lorain  Co.,  Elyria,  Ohio. 

Johnston,  Albert  W.,  Act.  Mem., 

General  Superintendent  New  Yck,  Chicago  and  St.  Louis  Rail- 
road, 424  Hickox  Bldg.,  Cleveland. 
Johnston,  Arthur  C,  B.A.Sc,  Act.  Mem., 

Mechanical  Engineer,  Lorain  Steel  Co.,  Lorain,  Ohio. 
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Jones,  Harry  Ross,  Assoc.  Mem., 

With  The  Osborn  Co.,  Civil  Engineers, 

517  Sibley  street,  Cleveland. 
Jones,  Wyndham  C,  Act.  Mem., 

Chief  Engineer  Cleveland  and  Eastern  Railroad,  President  Stand- 
ard Contracting  Co.,  President  W.  A.  McGillis  Dredging  Co., 

57  Wade  Bldg.,  Cleveland. 
JuDSON,  C.  A.,  Cor.  Mem., 

Erie  County  Safe  Deposit  and  Abstract  Co., 

232  Columbus  ave.,  Sandusky,  Ohio. 
King,  James  A.,  Act.  Mem., 

President  The  King  Bridge  Co.,  1325  Euclid  ave.,  Cleveland. 

Kingsley,  Marvin  W.,  C.E.,  Act.  Mem., 

Superintendent  Water  Works,  354  Superior  street,  Cleveland. 

Kohlmetz,  Geo.  W.,  Assoc.  Mem., 

International  Range  and  Mfg.  Co.,  Ashtabula,  Ohio. 

Lander,  Frank  R.,  B.S.,  Act.  Mem., 

County  Draftsman,  321  Marcy  ave.,  Cleveland. 

Lane,  Edwin  G.,  Act.  Mem., 

Engineer,  Cleveland  Terminal  and  Valley  Railroad, 

B.  and  O.  Passenger  Station,  Cleveland. 
Langley,  John  W.,  B.S.,  Ph.D.,  Act.  Mem., 

Professor  Electrical  Engineering,  Case  School  of  Applied  Science, 

Cleveland. 
L.\RNED,  Joshua  B.,  C.E.,  Act.  Mem., 

Civil  Engineer.  The  King  Bridge  Co.,  13  Isham  Court,  Cleveland. 
Leeper,  John  B.,  C.E.,  Cor.  Mem., 

Engineer,  with  Keystone  Bridge  Works,  Pittsburg,  Pa. 

Le  Pontois,  Leon  J.,  B.S.,  Act.  Mem., 

Electrical  Engineer,  Winton  Automobile  Co.,  Cleveland. 

Lewis,  Charles  F.,  Act.  Mem., 

Civil  and  Consulting  Engineer,       307  Cuyahoga  Bldg.,  Cleveland. 
Lewis,  Ransome  T.,  Cor.  Mem., 

Civil  Engineer,  119  Caldwell  ave.,  Elmira,  N.  Y. 

Lindenthal,  Gustav,  C.E.,  Char.  Mem., 

Chief  Engineer,  North  River  Bridge  Co., 

45  Cedar  street.  New  York  city. 
Line,  Francis,  Assoc.  Mem., 

Manager  for  The  Keasbey  &  Mattison  Co.,  Magnesia  Coverings, 

117  Water  street,  Cleveland. 
Lucas,  George  C,  Act.  Mem., 

General  Manager  of  The  Cleveland  Frog  and  Crossing  Co., 

Bessemer  ave.  and  Erie  Railroad,  Cleveland. 
Lucas,  Henry  Martin,  Act.  Mem., 

Lucas  Machine  Tool  Co.,  274  Perkins  ave.,  Cleveland. 

McGeorge,  John,  Act.  Mem., 

Engineer,  Wellman-Seaver  Engineering  Co., 

1404  New  England  Bldg.,  Cleveland. 
McIntyre,  James,  Act.  Mem., 

Master  Carpenter,  Mahoning  Division,  Erie  Railroad, 

136  Sawtell  ave.,  Cleveland. 
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McLouTH,  Lewis  C,  B.S.,  Act.  Mem., 

Principal,  Central  Manual  Training  School, 

Cedar  ave.,  near  Willson,  Cleveland. 
McMuRRAY,  Max.,  Act.  Mem., 

General    Superintendent   Newburg   Steel   Works,   American   Steel 
and  Wire  Co.,  1424  Euclid  ave.,  Cleveland. 

Marani,  Virgil  G.  F.,  Act.  Mem., 

Civil  Engineer,  Assistant  Engineer,  Cleveland  Gas  Light  and  Coke 
Co.,  145  Cornel  street,  Cleveland. 

Marble,  Henry  D.,  Assoc.  Mem., 

Sccretarj'  and  Treasurer  The  Hutson  Coal  Co.,  Blackstone  Bldg., 

405  Bolton  ave.,  Cleveland. 
Martens,  Henry  E.,  Act.  Mem., 

Engineer,  The  Osborn  Co.,  19  Earle  ave.,  Glenville,  Ohio. 

Metcalf,  Frederick,  Act.  Mem., 

Treasurer,  Chase  Machine  Co.,  iii  Elm  street,  Cleveland. 

Michelson,  Albert  A.,  Ph.D.,  Hon.  Mem., 

Head  Professor  of  Physics,  University  of  Chicago.  Chicago. 

Miller,  Dayton  C,  Ph.B.,  A.M.,  D.Sc,  Act.  Mem., 

Professor  of  Physics,  Case  School  of  Applied  Science,  Cleveland. 
Miller,  Walter,  Act.  Mem., 

Consulting  Engineer,  407  Perry-Payne  Bldg.,  Cleveland. 

Mills,  Edv/in  S.,  Assoc.  Mem., 

Sales  Agent,  The  Carnegie  Steel  Co.,  Ltd., 

702  Perry-Payne  Bldg.,  Cleveland. 
Mitchell,  Albert  E.,  M.E.,  Char.  Mem., 

Superintendent  Motive  Power  Erie  Railroad  and  lines  operated, 
21  Cortland  street.  New  York  city. 

Residence,  90  High  street,  Passaic,  N.  J. 
Moore,  Walter  S.,  Act.  Mem., 

Engineer,  Maintenance  of  Way,  Cleveland  and  Indianapolis  divi- 
sion. Big  Four  Railway,  859  Stark  street,  Cleveland. 
MoRDECAi,  Augustus,  C.E.,  Act.  Mem., 

Assistant  Chief  Engineer,  Erie  Railroad, 

830  Garfield  Bldg.,  Cleveland. 
MoRLEY,  Edward  W.,  Ph.D.,  LL.D.,  Hon.  Mem., 

Professor  of  Chemistry,  Adelbert  College,  Cleveland. 

Morse,  Benjamin  F.,  C.E.,  Act.  Mem., 

Civil  Engineer  and  Architect,  2^  Cheshire  street,  Cleveland. 

Naylor,  Ernest  W.,  Cor.  Mem., 

Hydraulic  and  Consulting  Engineer, 

Fiftieth  street  and  Lancaster  ave.,  Philadelphia,  Pa. 
Neff,  Frank  H.,  B.S.,  C.E.,  Act.  Mem., 

Professor  of  Civil  Engineering,  Case  School  of  Applied  Science, 

860  Doan  street,  Cleveland. 
Nelson,  Harry  S.,  Act.  Mem., 

Architect,  with  Barnum  &  Co.,  New  England  Bldg.,  Cleveland. 
Newhall,  Walter  S.,  Act.  Mem., 

Chief  Engineer,  Wheeling  and  Lake  Erie  Railroad, 

2y7  Perkins  ave.,  Cleveland. 
Ney,  Robert  W.,  Act.  Mem., 

Assistant  Manager  American  Steel  and  Wire  Co., 

143  Crawford  road,  Cleveland. 
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Oldham,  Joseph  R.,  Act.  Mem., 

Naval  Architect  and  Marine  Engineer, 

814  Perry-Payne  Bldg.,  Cleveland. 
Oliver,  John  G.,  Act.  Mem., 

Partner,  Bardons  &  Oliver, 

Corner  Case  ave.  and  Hamilton  street,  Cleveland. 
Olmstead,  H.  L.,  Act.  Mem., 

With  The  Osborn  Co.,  50  Mayfield  road,  Cleveland. 

Orr,  Charles,  Assoc.  Mem., 

Librarian  Case  Library,  Cleveland. 

Osborn,  Frank  C,  C.E.,  Act.  Mem.,. 

Of  The  Osborn  Co.,  Civil  Engineers, 

503-509  Osborn  Bldg.,  Cleveland. 
Otis,  Charles  A.,  Jr.,  Assoc.  Mem., 

Otis,  Hough  &  Co.,  Iron  and  Steel, 

407  Perry-Payne  Bldg.,  Cleveland. 
Otis,  William  L.,  Assoc.  Mem., 

Artistic  Home  Decorations,  255  Erie  street,  Cleveland. 

Paine,  Charles,  Hon.  Mem., 

Consulting  Civil  Engineer,  32  Park  Place,  New  York  city, 

Tenafly,  N.  J. 
Palmer,  Charles  O.,  Act.  Mem., 

Mechanical  Engineer,  32  Cedar  ave.,  Cleveland. 

Parmley,  Walter  C,  M.S.,  Act.  Mem., 

Assistant  Engineer,  Department  of  Public  Works, 

19  Burt  street,  Cleveland. 
Paul,  Hosea,  Act.  Mem., 

Civil  Engineer,  Cuyahoga  Falls,  Ohio. 

Petterson,  a.  Hugo,  Cor.  Mem., 

Engineer,  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

Pierson,  Isaac  K.,  Act.,  Mem., 

Civil  and  Consulting  Engineer,  416  Cuyahoga  Bldg.,  Cleveland. 

Porter,  Albert  H.,  A.M.,  C.E.,  Act.  Mem., 

Civil  Engineer,  403  Osborn  Bldg.,  Cleveland. 

Prentiss,  Francis  F.,  Act.  Mem., 

Manfr.  Cleveland  Twist  Drill  Co.,        102  The  Lennox,  Cleveland. 
Rawson,  Marius  E.,  Act.  Mem., 

Civil  Engineer,  762  Genesee  ave.,  Cleveland. 

Ray,  W.  Morrison,  C.E.,  Act.  Mem., 

Assistant  Engineer,  Cleveland,  Lorain  and  Wheeling  Railroad, 

625  Denison  ave.,  Cleveland. 
Raynal,  Alfred  H.,  Act.  Mem., 

Mechanical  Engineer,  1626  Riggs  Place,  Washington,  D.  C. 

Reed,  William  E.,  Act.  Mem., 

With  Warner  &  Swasey, 

The  Croxden,  977  Prospect  street,  Cleveland. 
Rice,  Joseph  H.,  Cor.  Mem., 

Transitman,  Lake  Shore  and  Michigan  Southern  Railroad, 

Ashtabula,  Ohio. 
Rice,  Walter  P.,  C.E.,  .Act.  Mem., 

Director  of  Public  Works,  City  Hall,  Cleveland. 
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Richards,  Francis  H.,  Cor.  Mem., 

Mechanical  Engineer  and  Expert  in  Patent  Cases, 

9-13  Murray  stnet,  New  York  city. 
Richardson,  John  N.,  Act.  Mem., 

Architect,  Bangor  Bldg.,  262  Prospect  street,  Cleveland. 

Rider,  George  S.,  Act.  Mem., 

Consulting  Engineer,  604  Century  Bldg.,  Cleveland. 

Ritchie,  James,  B.S.,  C.E.,  Act.  Mem., 

Chief  Engineer,  Department  of  Public  Works,  Cleveland. 

Rust,  Lucian,  Act.  Mem., 

Assistant  Engineer,  Lake  Shore  and  Michigan  Southern  Railway, 

Cleveland. 
St.  John,  Edward  M.,  Act.  Mem., 

Structural  Engineer,  213  Fisk  street,  Pittsburg,  Pa. 

Saunders,  Geo.  C,  Act.  Mem., 

With  The  Osborn  Co.,  Civil  Engineers, 

509  Osborn  Bldg.,  Cleveland. 
Sawtelle,  Edmund  M.,  Cor.  Mem., 

Electrical  Engineer,  with  the  Westinghouse  Electric  and  Mfg.  Co., 

Norfolk  street,  Strand,  London,  Eng. 
Schmitt,  John  G.,  Act.  Mem., 

Superintendent  of  Streets,  Cleveland  Gas  Light  and  Coke  Co., 

356  Superior  street,  Cleveland. 
ScHULZ,  Charles  F.,  Act.  Mem., 

First  Assistant  Engineer,  Water  Works  Division,  Department  of 
Public  Works,  354  Superior  street,  Cleveland. 

Searles,  William  H.,  C.E.,  Act.  Mem., 

Consulting  Civil  Engineer,  Elyria,  Ohio. 

Skeels,  Arthur  A.,  B.S.,  Act.  Mem., 

Instructor  in  Physics,  W.  High  School, 

890  Denison  ave.,  Cleveland. 
Smith,  Howard  Wells,  M.E.,  Act.  Mem., 

Assistant  Engineer,  Shelby  Steel  Tube  Co., 

American  Trust  Bldg.,  Cleveland. 
Smith,  Jared  A.,  Act.  Mem., 

Col.  Corps  of  Engineers,  U.  S.  Army,  Civil  and  Military  Engineer, 

69  Flood  Bldg.,  San  Francisco,  Cal. 
Smith,  James  A.,  Assoc.  Mem., 

Contractor  for  Public  Works, 

1630  Williamson  Bldg.,  Cleveland. 
Smith,  James  J.,  Assoc.  Mem., 

Sanitary  and  Heating  Engineer,  404  Erie  street,  Cleveland. 

Smythe,  Frank  A.,  Act.  Mem., 

President,  Thew  Automatic  Shovel  Co.,  Lorain,  Ohio. 

Staley,  Cady,  C.E.,  Ph.D.,  LL.D.,  Act.  Mem., 

President  Case  School  of  Applied  Science, 

62  Adelbert  street,  Cleveland. 
Stanford,  J.  Verne,  Act.  Mem., 

Instructor,  Case  School  of  Applied  Science, 

14  Lees  Court,  Cleveland. 
Stinchcomb,  William  A.,  Act.  Mem., 

Transitman,  with  City  Civil  Engineer, 

1987  Denison  ave.,  Cleveland. 
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Stockwell,  John  N.,  Ph.D.,  Hon.  Mem., 

Astronomer,  1008  Case  ave.,  Cleveland,  Ohio. 

Stouffer,  Leslie  B.,  Assoc.  Mem., 

With  Warner  &  Swasey,  148  Putnam  street,  Cleveland. 

Strong,  Ch.vrles  H.,  C.E.,  Act.  Mem., 

Civil  Engineer  and  Contractor, 

622  Cuyahoga  Bldg.,  Cleveland. 
Swasey,  Ambrose,  Act.  Mem., 

Firm  of  Warner  &  Swasey,  Mfrs.  of  Machine  Tools  and  Astro- 
nomical Instruments,  1728  Euclid  ave.,  Cleveland. 
T.\LB0T,  Joseph  T.,  Act.  Mem., 

Assistant  Engineer,  Park  Department, 

TZ  Mayficid  Road,  Cleveland. 
Thompson,  Henry  C,  C.E.,  Act.  Mem., 

Civil  Engineer,  20  Brenton  street,  Cleveland. 

Thurston,  Edwin  L.,  Assoc.  Mem., 

Patent  Lawyer,  1028  Society  for  Savings,  Cleveland. 

TiTCOMB,  George  E.,  Act.  Mem., 

Engineer,  McMyler  Mfg.  Co.,  23  LaGrange  street,  Cleveland. 

Treat,  Francis  Henry,  Act.  Mem., 

Former  General  Superintendent  Cleveland  Rolling  Mill  Co., 

2644  Euclid  ave.,  Cleveland. 
\'an  Dorn,  Thomas  B.,  Act.  Mem., 

Vice-President  Van  Dorn  Iron  Works,  Cleveland. 

Varney,  Joshua  D.,  Act.  Mem., 

Civil  Engineer  and  Surveyor,  53  Public  Square,  Cleveland. 

Waitt,  Arthur  M.,  Cor.  Mem., 

Superintendent  of  Motive  Power  and  Rolling  Stock,   New  York 
Central  and  Hudson  River  Railroad, 

Grand  Central  Station,  New  York  city. 
Walker,  Charles  F.,  Assoc.  Mem., 

On  staff  of  Engineering  News,  1168  Euclid  ave.,  Cleveland. 

Walker,  John,  M.E.,    Cor.  Mem., 

Mechanical  and  Mining  Engineer,  Gurnee,  111. 

Walker,  William  J.,  Assoc.  Mem., 

Superintendent  Plate  Mills,  Otis  Steel  Co.,  Ltd., 

444  Crawford  Road,  Cleveland. 
Wallace,  James  C,  Act.  Mem., 

General  Manager  American  Ship  Building  Company, 

120  Viaduct,  Cleveland. 
Warner,  Worcester  R.,  Act.  Mem., 

Firm  of  Warner  &  Swasey,  Mfrs.  of  Machine  Tools  and  Astro- 
nomical Instruments,  1722  Euclid  ave.,  Cleveland. 
Watson,  Wilber  Jay,  Act.  Mem., 

With  The  Osborn  Co.,  Civil  Engineers, 

Osborn  Bldg.,  Cleveland. 
Webb,  Robert  L.,  Act.  Mem., 

Engineer  of  The  Forest  City  Steel  and  Iron  Co.. 

The  Leighton,  Cleveland. 
Webster,  C.  E.,  Cor.  Mem., 

Chief  Engineer,  Delaware  Valley  and  Kingston  Railway,  Erie  and 
Wyoming  Valley  Railway,  Clearfield,   Pa. 
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Wellman,  Samuel  Thomas,  Act.  Mem., 

President  Wellman-Seaver  Engineering  Co., 

New  England  Bldg.,  Cleveland. 
West,  Thomas  D.,  Cor.  Mem., 

General  Manager  Thos.  D.  West  Foundry  Co.,  Sharpsville,  Pa. 

White,  Rollin  H.,  M.E.,  Act.  Mem., 

Assistant  Superintendent  White  Sewing  Machine  Co., 

S6  Hillburn  ave.,  Cleveland. 
White,  Windsor  T.,  B.S.,  Act.  Mem., 

Vice-President  White  Sewing  Machine  Co., 

124  Euclid  ave.,  Cleveland. 
Whitman,  Paul  S.,  Act.  Mem., 

With  The  Brown  Hoisting  and  Conveying  Machine  Co., 

77  Sixth  ave.,  Cleveland. 

Wight,  Elmer  B,,  Act.  Mem., 

Engineer,  with  Cleveland  Park  Board,      23  Ware  street,  Cleveland. 
WiLLARD,  Joseph  W.,  Assoc.  Mem.. 

Retired  General  Manager  Hercules  Powder  Co., 

1339  Willson  ave.,  Cleveland. 
Williams,  John  S.,  Act.  Mem., 

Treasurer  and  General  Manager  Forest  City  Steel  and  Iron  Co., 

262  Franklin  ave.,   Cleveland. 
Williamson,  Charles  S.,  Act.  Mem., 

Chief  Draftsman,  No.  2  Works,  Variety  Iron  Works, 

39  Olive  street,  Cleveland. 
Wilson,  Frank  W.,  C.E.,  Cor.  Mem., 

Manager  Boston  Bridge  Works,  70  Kilby  street,  Boston,  Mass. 

Wilson,  John  M.,  LL.D.,  Hon.  Mem., 

Brigadier-General,  Chief  of  Engineers,  U.  S.  Army, 

1773  Massachusetts  ave.,  Washington,  D.  C. 
Winton,  Alexander,  Act.  Mem., 

Superintendent  Winton  Bicycle  Co.,   President  Winton  Automo- 
bile Co.,  Brookfield  ave.,   Cleveland. 
Wolverton,  Irving  M.,  B.S.,  C.E.,  Act.  Mem., 

Chief  Engineer,  Mt.  Vernon  Bridge  Works,  Mt.  Vernon,  Ohio. 
Wood,  James,  Assoc.  Mem., 

Contractor,  163  Bolton  ave.,  Cleveland. 

Wright,  Chas.  H.,  Act.  Mem., 

Chief  Engineer,  The  Brown  Hoisting  and  Conveying  Machine  Co., 

Cleveland. 
Yates,  Preston  K.,  Act.  Mem., 

Engineer,  L.  P.  &  J.  A.  Smith  Co., 

532  East  Prospect  street,  Cleveland. 
Zesiger,  Albert  W.,  Act.  Mem., 

Draftsman,  Department  Public  Works,    720  Logan  ave.,  Cleveland. 
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Abbot,  Frederick  William, 

President    Abbot-Gamble    Contracting    Co.,    Engineers    and    Con- 
tractors. 620  Chestnut  street,  St.  Louis,  Mo. 
Adkins,  James,  Jr., 

Assistant  Engineer,  St.  Louis  Transit  Co., 

1414  S.  Ewing  ave.,  St.  Louis,  Mo. 
Angell,  J.  E., 

Member  of  firm  Walter  L.  Flower  &  Co., 

1611  Chemical  Bldg.,  St.  Louis,  Mo. 

ASHBURNER,   ThOMAS, 

Agent  Babcock  &  Wilcox  Co.,  Chicago,  111. 

Axtel,  Frank  Foye, 

U.  S.  Inspector,  Pilot  Town,  La. 

Baier,  Julius, 

Conrey  Placer  Mining  Co.,  Laurain,  Madison  Co.,  Mont. 

Baker,  Vernon, 

Water  Works  Extension,  "jj  East  May  street,  St.  Louis,  Mo. 

Barns,  William  Eddy, 

Editor  The  Age  of  Steel,  Fullcrton  Bldg.,  St.  Louis,  Mo. 

Barth,  Carl  G.  L., 

Mechanical  Engineer,  with  Bethlehem  Steel  Co., 

121  S.  High  street,  Bethlehem,  Pa. 
Barwick,  Oliver  J., 

Building  Contractor,  510  Pine  street,  St.  Louis,  Mo. 

Bary,  Mark, 

Electrical  Engineer,  with  H.  H.  Humphrey, 

1305  Chemical  Bldg.,  St.  Louis,  Mo. 
Bascome,  Western  R., 

Assistant  Engineer,  with  New  East  River  Bridge, 

84  Broadway,  Brooklyn,  N.  Y. 
Bausch,  Frederick.  Emil, 

Chief  Engineer,  Pittsburg  Plate  Glass  Co.,  Crystal  City,  Mo. 

Beahan,  Willard, 

Division  Engineer,  C.  and  N.  W.  Ry.,  Winona,  Minn. 

Beardslee,  Frank  Dixon, 

Contracting  Agent,  Missouri  Edison  Electric  Co., 

4x5  Locust  street,  St.  Louis,  Mo. 
Hendit,  Louis, 

Member  firm  of  Lanfketter  &  Bendit,  Mechanical  Engineers  and 
Contractors,  810  Olive  street,  St.  Louis,  Mo. 

Bennett,  William  A., 

First  Assistant  Engineer  City  Water  Department, 

3945  Castleman  ave.,  St.  Louis,  Mo. 
Bilh.\rz,  O.  M.  C, 

Mining  Engineer  of  Doe  Run  and  St.  Joe  Lead  Co., 

Flat  River,  Mo. 
Blaisdell,  Anthony  Houghtaling, 

Civil  Engineer,  with  Missouri  River  Commission, 

1515  Lucas  Place,  St.  Louis,  Mo. 
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Borden,  Albert, 

Structural  and  Mechanical  Engineer, 

808  Mermod  &  Jaccard  Bldg.,  St.  Louis,  Mo. 

BouTON,  George  Innes, 

Principal  Assistant  Engineer,  Bryan  &  Humphrey, 

2909  Park  ave.,  St.  Louis,  Mo. 

BouTON,  William, 

Vice-President  Pitzman's  Company  of  Surveyors  and  Engineers, 

2909  Park  ave.,  St.  Louis,  Mo. 

Boyd,  Alfred, 

Beulah,  Ark. 

Boyer,  Joseph, 

President  Boyer  Machine  Co., 

Second  and  Amsterdam  aves.,  Detroit,  Mich. 

Branch,  Henry, 

Tucson,  Ariz. 

Branne,  John  Severin, 

Chief  Engineer  Koken  Iron  Works, 

Koken  Iron  Works,  St.  Louis,  Mo. 
Brenneke,  William  George, 

Brenneke  &  Fay,  Consulting  Civil  Engineers, 

1000  Fullerton  Bldg.,  St.  Louis,  Mo. 
Brown,  Walter  Seavy, 

Assistant    Mechanical    Engineer,    Construction    Department,    St. 
Louis  Water  Works,  3822  Hartford  street,  St.  Louis,  Mo. 

Bruner,  Preston  Martin, 

Contractor  for  Concrete  Work, 

304  N.  Eighth  street,  St.  Louis,  Mo. 
Bryan,  Charles  Walter, 

Agent  American  Bridge  Co.,  Empire  Bldg.,  Pittsburg,  Pa. 

Bryan,  William  Henry, 

Consulting  Engineer,  707  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 

Burgess,  Robert, 

Division  Engineer,  St.  Louis,  Kansas  City  and  Colorado  Railroad, 

Borbois,  Gasconade  county,  Mo. 
Burnet,  George, 

Consulting  Engineer,  Rialto  Bldg., 

4415  Washington  ave.,  St.  Louis,  Mo. 
Butler,  Lawrence  Parker, 

First  Lieutenant,  41st  Infantry,  U.  S.  V.,  Manila,  P.  I. 

Caldwell,  William  Anderson,  Jr., 

Mechanical  Engineer,  4600  Maryland  ave.,  St.  Louis,  Mo. 

Cameron,  Duncan  F., 

General  Manager  of  Mines,  Donk  Bros.  Coal  &  Coke  Co., 

Third  and  Pine  streets,  St.  Louis,  Mo. 
Carr,  Lovell  H., 

Western  Representative  Atlas  Cement  Co., 

143  Liberty  street.  New  York,  N.  Y. 
Chaphe,  James  Manning, 

Engineer,  with  Matthews  Bros.,  600  Carleton  Bldg., 

3060  Sheridan  ave.,  St.  Louis,  Mo. 
Chaplin,  Winfield  Scott, 

Chancellor  of  Washington  University, 

Washington  University,  St.  Louis,  Mo. 
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Chassaing,  Chas.  W., 

Draftsman  Union  Iron  and  Foundry  Co., 

1762  Missouri  ave.,  St.  Louis,  Mo. 
Childs,  Oliver  W., 

Chief  Engineer  Stupp  Bros.  Bridge  and  Iron  Co., 

2301   S.  Seventh  street,  St.  Louis,   Mo. 
Chollar,  Byron'  Edgar, 

Engineer  Laclede  Gas  Light  Company, 

716  Locust  street,  St.  Louis,  Mo. 
Clark,  Charles  Wright, 

Architect  and  United  States  Assistant  Engineer, 

Webster  Groves,  Mo, 
CoLBv,  Branch  Harris, 

Colby  &  Baker,  Civil  and  Consulting  Engineers, 

708  Lincoln  Trust  Bldg.,   St.  Louis,  Mo. 
CoLNON,  Redmond  Stephen, 

Contractor,  Room  127,  Laclede  Bldg.,  St.  Louis,  Mo. 

Comber,  William  George, 

United  States  Assistant  Engineer,  Mississippi  River  Commission, 

1 1 15  Fullerton  Bldg.,  St.  Louis,  Mo. 
Connor,  Edward  Hanson, 

Engineer,  Missouri  Valley  Bridge  and  Iron  Works, 

Leavenworth,  Kan. 
Cook,  Abraham, 

Secretary  Laclede  Car  Company, 

4500  N.  Second  street,  St.  Louis,  Mo. 

CORDES,  E.   A., 

Superintendent  Steam  Plants,  Missouri  Edison  Electric  Co., 

4328  Duncan  ave.,  St.  Louis,  Mo. 
Crosby,  Benjamin  Lincoln, 

Assistant  Auditor  Burlington  Lines, 

1213  Charles  street,  St.  Joseph,  Mo. 
Davis,  Charles  Henry, 

Civil  Engineer,  99  Cedar  street,  New  York,  N.  Y. 

Dean,  John, 

Engineer  Park  Department,        1328  E.  Aubert  ave.,  St.  Louis,  Mo. 
DicKE,  Edward  Christian, 

Assistant  Engineer,  Brenneke  &  Fay,  Box  31,  Hartford  City,  Ind. 
Dickens,  Albert  White, 

Assistant  Engineer  St.  Louis  Water  Works  Extension, 

601  Baden  ave.,  St.  Louis,  Mo. 
Dun,  James, 

Chief  Engineer  Atchison,  Topeka  and  Santa  Fe  Railroad, 

Topeka,  Kan. 
Dunaway,  Horace, 

United  States  Assistant  Engineer,  United  States  Engineer's  Office, 

St.  Paul,  Minn. 
Dziatzko,  Leo  Charles, 

Resident  Engineer  M.  and  St.  L.  R.  R., 

2912  EUendale  ave.,  St.  Louis,  Mo. 
Faust,  Frank  Coridon, 

Engineer  and   Superintendent  of  Construction,    Flick  &  Johnson 
Construction  Co.,  of  Davenport,  Iowa,  Newport,  Tenn. 
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Fay,  Edward  Bayrd, 

Brenncke  &  Fay,  Consulting  Engineers. 

looo  Fullerton  Bldg.,  St.  Louis,  Mo. 
Ferguson,  Oscar  W. 

Assistant  United  States  Coast  and  Geodetic  Survey, 

404  Ninth  street,  N.  E.,  Washington,  D.  C. 
Fischer,  Louis  E., 

Electrical  and  Mechanical  Engineer,  with  Laufketter  &  Bendit, 

810  Olive  street,  St.  Louis,  Mo. 
Fish,  Edward  Russell, 

Secretary  Heine  Safety  Boiler  Company, 

2328  Arkansas  ave.,  St.  Louis,  Mo. 
Fisher,  Charles  Owen, 

Secretary  Pitzman's  Company  of  Surveyors  and  Engineers, 

3140  Russell  ave.,  St.  Louis,  Mo. 
Fisher,  George  W., 

Fulton  Iron  Works,  Second  and  Carr  streets,  St.  Louis,  Mo. 

Fisher,  Samuel  B., 

Chief  Engineer  M.,  K.  and  T.  Ry., 

406  Wainwright   Bldg.,   St.   Louis,   Mo. 
Flad,  Edward, 

Water  Commissioner,  City  Hall,  St.  Louis,  Mo. 

Fogarty,  W.  J., 

Manager  Magnetite  Foundry, 

3951  West  Belle  Place,  St.  Louis,  Mo. 
Foster,  Charles  F., 

Mechanical  Engineer,  1407  Manhattan  Bldg.,  Chicago,  111. 

Freeman,  Stuart  Ethan, 

Consulting  Mechanical  Engineer,  4052  Olive  street,  St.  Louis,  Mo. 
French,  Geo.  H., 

United  States  Assistant  Engineer  Mississippi  River  Commission, 

1 115  Fullerton  Bldg.,  St.  Louis,  Mo. 
Garrels,  William  Louis, 

Consulting  Engineer,  4531  West  Pine  street,  St.  Louis,  Mo. 

Gayler,  Carl, 

Bridge  Engineer,  Street  Department,  City  of  St.  Louis, 

City  Hall,  St.  Louis,  Mo. 
Gould,  William  Tillottson, 

Resident  Engineer  Texas  Central  Railway,  Waco,  Texas. 

Graves,  William  Nelson, 

General  Superintendent  and  Mechanical  Engineer  Hydraulic  Press 
Brick  Co.,  2813  Lafayette  ave.,  St.  Louis,  Mo. 

Gronemann,  Henry, 

District  Engineer,  Street  Department,  City  of  St.  Louis, 

2719  Stoddard  street,  St.  Louis,  Mo. 
Guinn,  John  Broome, 

Superintendent  Durant,  Compromise,  Conomara,  Smuggler,  Late 
Acquisition,  etc.,  Mines,  P.  O.  Box  No.  603,  Aspen,  Col. 

Hammond,  Alonzo  John, 

Assistant  Engineer  Vandalia  Line,  Terra  Haute,  Ind. 

Harrington,  Ferdinand  Finney, 

Lake  Superior  Power  Co.,  Sault  Ste.  Marie,  Mich. 
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Hawkks,  Chas.  Wm., 

Manager  Springfield  Boiler  and  Manufacturing  Co.. 

Springfield,  111. 
Hazzard,  Alukrt  B., 

Mechanical  Engineer  and  Contractor, 

615  N.  Second  street,  St.  Louis,  Mo. 
Hendricks,  Victuk  K., 

Engineer  M.  of  W.  Terre  Haute  and  Loganspcjrt  Ry., 

118  N.  Eighth  street,  Terre  Haute,  Ind. 
Hknby,  William  Hastings, 

Pauly  Jail  Manufacturing  and  Building  Co., 

2610  S.  JefTerson  avc,  St.  Louis,  Mo. 
,  Hermann,  Edward  ADOLrii, 

Sewer  Commissioner,  City  of  St.  Louis, 

505  N.  Spring  ave.,  St.  Louis,  Mo. 
Hill,  John, 

President  Hill-O'Meara  Construction  Co., 

Wainwright  Bldg.,  St.  Louis,  Mo. 

Hofmann,  Alwin, 

3641  Cleveland  ave.,  St.  Louis,  Mo. 
Holm  an,  Minard  Lafever, 

General   Superintendent  Missouri   Edison  Electric  Company, 

3744  Finney  ave.,  St.  Louis,  Mo. 
Howe,  U.  R., 

Professor  of  Civil  Engineering,  Rose  Polytechnic  Institute, 

2108  N.  Tenth  street,  Terre  Haute,  Ind. 
Hubbard,  Albert  Wixfred, 

St.  Louis,  Mo. 
Humphrey,  Henry  H.. 

Consulting  Electrical  Engineer, 

1305  Chemical  Bldg.,  St.  Louis,  Mo. 
HuNiCKE,   Wm.   a., 

2937  Henrietta  street,  St.  Louis,  Mo. 

Hutchinson,  Cary  T., 

Consulting  Electrical  Engineer,        71  Broadway,  New  York,  N.  Y. 
Ingoldsby,  Frank  S., 

Vice-President  and  General  Manager  Ingoldshy  Automatic  Car  Co., 

608  Chemical  Bldg.,  St.  Louis,  Mo. 
Jennings,  James  Gustav, 

District  Engineer,  Street  Department,  City  of  St.  Louis, 

City  Hall,  St.  Louis,  Mo. 
Jewitt,  Eliot  C, 

Mining  Engineer,  wit'.i  Cia  Miniera,  Fundidora  y  Affinadora, 

Fundicion  No.  2,  Monterey,  Mexico. 
Johnson,  Albert  Lincoln, 

Engineer  St.  Louis  Expanded  Metal  and  Fire  Proofing  Co., 

Room  606,  Century  Bldg.,  St.  Louis,  Mo. 
Johnson,  George  Dyer, 

Assistant  Superintendent  Mississippi  Glass  Co., 

3938A  North  Eleventh  street,  St.  Louis,  Mo. 
Johnson,  John  Butler, 

Dean  of  Engineering  School,  University  of  Wisconsin, 

Madison,  Wis. 
Jolley,  Ed  win  James, 

Engineer  of  Surveys,  Street  Department.  City  of  St.  Louis, 

1 119  Bayard  ave.,  St.  Louis,  Mo. 
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Jones,  Charles  E., 

Instructor  in  Forging  and  Engineer  in  Charge  of  Steam  Plant, 
Washington  University, 

Manual  Training  School,  St.  Louis,  Mo. 
JuDSON,  John  Nicholas, 

American  Metal  Co.,  Ltd.,  ;.nd  Wetherill  Separating  Co., 

52  Broadway,  New  York,  N.  Y. 
Kimball,  Clinton, 

Consulting  Engineer,  Franklin  Bank  Bldg.,  St.  Louis,  Mo., 

Kirkwood,  Mo. 
KiNEALY,  John  Henry, 

Professor  of  Mechanical  Engineering, 

Washington  University,  St.  Louis,  Mo. 
Krutzsch,  Herman, 

Vice-President  and  Manager  St.  Louis  Iron  and  Machine  Works, 

3863  Cleveland  ave.,  St.  Louis,  Mo. 
Laird,  John  Alfred, 

Consulting  Engineer,  Fullerton  Bldg.,  St.  Louis,  Mo. 

Laufketter,  Frederick  Clemens, 

Member  firm  of  Lanfketter  &  Bendit,  Mechanical  Engineers  and 
Contractors,  810  Olive  street,  St.  Louis,  Mo. 

Layman,  Waldo  Arnold, 

Assistant  Manager  and  Treasurer  Wagner  Electric  Mfg.  Co., 

2341  S.  Compton  ave.,  St.  Louis,  Mo. 
Leighton,  George  Bridge, 

President  Los  Angeles  Terminal  Railway, 

Rialto  Bldg.,  St.  Louis,  Mo. 
Leonard,  Edward  Francke, 

President  Toledo,  Peoria  and  Western  Railway;  office,  Peoria,  111. 

Springfield,  111. 
Levy,  Will, 

Architect,  Odd  Fellows'  Bldg.,  St.  Louis,  Mo. 

LiBBY,  Edmund  Dorman, 

Assistant  United  States  Engineer,  Mississippi  River  Improvement, 

Custom  House,  St.  Louis,  Mo. 
Lighter,  John  James,  Jr., 

Electrical  Engineer,  St.  Louis  Transit  Co., 

5305  Virginia  ave.,  St.  Louis,  Mo. 
Llewellyn,  Francis  John, 

President,  Koken  Iron  Works,  St.  Louis,  Mo. 

LucKE,  Charles  Edward, 

Manager  St.  Louis  Branch,  Keufifel  &  Esser  Co., 

708  Locust  street,  St.  Louis,  Mo. 
Maltby,  Frank  Bierce, 

United  States  Assistant  Engineer, 

1515  Locust  street,  St.  Louis,  Mo. 
McCulloch,  Richard, 

Manager,  Compagnie  Genevoise  des  Tramways  Electriques, 

La  Jonction,  Geneva,  Switzerland. 
McFarland,  C.  M., 

American  Arithmometer  Co.,      2102  Wash  street,  St.-  Louis,  Mo. 
McMath,  Robert  Emmet, 

President  of  Board  of  Public  Improvements, 

City  Hall,  St.  Louis,  Mo. 
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McMath,  Thomas  Brodie, 

Engineer,  Greenfield  and  Indianapolis  Rapid  Transit  Co.,  and  En- 
gineer Indianapolis  Street  Railway  Co., 

1020  College  ave.,  Indianapolis,  Ind. 
McMiLLiN,  Emerson, 

President  Laclede  Gas  Light  Co.,  St.  Louis, 

40  Wall  street.  New  York,  N.  Y. 
Meier,  Edward  Daniel, 

President  and  Chief  Engineer  Heine  Safety  Boiler  Co., 

II  Broadway,  New  York,  N.  Y. 
Meinholtz,  Herman  Charles, 

Superintendent  Heine  Safety  Boiler  Co., 

4812  Greer  ave.,  St.  Louis,  Mo. 
Melcher,  Charles  W., 

Western  Manager  Ingersoll-Sergeant  Drill  Co., 

84  Van  Buren  street,  Chicago,  111. 
Mersereau,  Charles  Vernon, 

Assistant  Engineer,  Water  Works  Extension, 

3838  Shenandoah  ave.,  St.  Louis,  Mo. 

Milner,  Abram  Neiswanger, 

422  Fullerton  Bldg.,  St.  Louis,  Mo. 
Mitchell,  Charles  D wight. 

Civil  Engineer  on  Water  Works  Extension, 

TJ  E.  May  street,  St.  Louis,  Mo. 
Mitchell,  Frank  S., 

Civil  Engineer,  15  Wall  street.  New  York,  N.  Y. 

Mitchell,  Marcus  Lafayette, 

Chief  Engineer.  Wainwright  Brewery, 

1220  Armstrong  ave.,  St.  Louis,  Mo. 
Mitchell,  William  Selby, 

Assistant  Engineer,  Improvement  Mississippi  River  between  Mis- 
souri and  Ohio  Rivers,  Custom  House,  St.  Loius,  Mo. 
Monell,  Joseph  T., 

Superintendent  Central  Lead  Co., 

Flat  River.  St.  Francois  Co.,  Mo. 
Montgomery,  Geo.  S., 

Superintendent  Lincoln  Gas  and  Electric  Co., 

1200  O  street,  Lincoln,  Neb. 
Moore,  Philip  North, 

Consulting  Mining  Engineer,  President  Tecumseh  Iron  Co.,  Treas- 
urer Rose  Run  Iron  Co.,  of  Kentucky. 

Room   121,   Laclede  Bldg.,    St.   Louis,   Mo. 
MooRE,  Robert, 

Consulting  Engineer,  Room  119,  Laclede  Bldg.,  St.  Louis,  Mo. 

MooRE,  William  Henry, 

District  Engineer,  Street  Department,  City  of  St.  Louis, 

4224  John  ave.,  St.  Louis,  Mo. 
MoREY,  Richard, 

Engineer  and  Manager  for  Gilsonite  Roofing  and  Paving  Co., 

716  New  York  Life  Bldg.,  Kansas  City,  Mo. 
Moulton,  Julius, 

Civil  Engineer.  Harbor  Department,  City  of  St.  Louis, 

205  City  Hall,  St.  Louis,  Mo. 
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Mysenburg,  Theodore  August, 

Iron  Manufacturer,  American  Central  Bldg.,  St.  Louis,  Mo. 

Neff,  William  A.,  Jr., 

Civil  Engineer,  860  Doane  street,  Cleveland,  Ohio. 

Nicholson,  Frank, 

Mining  Engineer,  504  Fifth  ave..  New  York,  N.  Y. 

NiPHER,  Francis  Eugene, 

Professor  of  Physics,  Washington  University,  St.  Louis,  Mo. 

OcKERSoN,  John  Augustus, 

Civil  Engineer,  Member  Mississippi  River  Commission, 

Fullerton  Bldg.,  St.  Louis,  Mo. 
Olshausen,  Geo.  R., 

Post-Graduate  Student,  University  of  Berlin,  Berlin,  Germany, 

2631  Louisiana  ave.,  St.  Louis,  Mo. 
O'Reilly,  Andrew  John, 

Supervisor  of  City  Lighting,  Room  326,  City  Hall,  St.  Louis,  Mo. 
Parker,  Edgar  Charles, 

Superintendent  and  Engineer  Samuel  Cupples  Real  Estate  Co., 

2012  Oregon  ave.,  St.  Louis,  Mo. 
Parker,  Lemon, 

Superintendent  Parker-Russell  Mining  and  Manufacturing  Co.. 

3413  Oak  Hill  ave.,  St.  Louis,  Mo. 
Parker,  Russell, 

President  Missouri  Telephone  Manufacturing  Co., 

417  Pine  street,  St.  Louis,  Mo. 
Pegram,  Geo.  H., 

Chief  Engineer,  Manhattan  Railway, 

10  Dey  street,  New  York,  N.  Y. 
Perkins,  Nathan  Waite,  Jr., 

Mechanical  Engineer,  4446  Page  Boulevard,  St.  Louis    Mo. 

Pfeifer,  Herman  Julius, 

Assistant  Engineer,  Terminal  Railroad  Association, 

Room  208,  Union  Station,  St.  Louis,  Mo. 
Phillips,  Hiram, 

Consulting  Hydraulic  and  Sanitary  Engineer. 

525  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Phillips,  Richard  Harvey, 

Practicing  Civil  Engineer,  525  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Pillsbury,  F.  S., 

Engineer  of  Motor  Department,  Wagner  Electric  Manufacturing 
Co.,  2017  Locust  street,  St.  Louis,  Mo. 

Pitzman,  Julius, 

Street  Improvement,  Landscape  Work  and  Surveying, 

615  Chestnut  street,  St.  Louis,  Mo. 
Porter,  Joseph  Franklin, 

President  and  Engineer  Alton  Railway,  Gas  and  Electric  Co., 

205  Market  street,  Alton,  111. 
Poss,  Victor  H., 

Draftsman,  United  States  Engineer's  Office, 

Custom  House,  St.  Louis,  Mo. 
Post,  Trueman  Marcellus, 

Mechanical  Draftsman,  Mississippi  River  Commission, 

5678  Cabanne  ave.,  St.  Louis,  Mo. 
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Reber,  Henry  Linton, 

Secretary  and  Chief  Engineer  Kinloch  Telephone  Co., 

Century  Bldg.,  St.  Louis,  Mo. 
Reel,  Charles  Gordon, 

Consulting  Engineer,  920  Rialto  Bldg.,  St.  Louis,  Mo. 

Reeves,  William  Henry, 

St.  Louis  Agent,  Henry  R.  Worthington, 

317  N.  Ninth  street,  St.  Louis,  Mo. 
Ringer,  Frank, 

Draftsman  in  charge  of  Records,  M.  K.  T.  Ry., 

406  Wainwright  Bldg.,  St.  Louis,  Mo. 
RoHRiCH,  Harold  A., 

Superintendent  American  Arithmometer  Co., 

4063  Delmar  ave.,  St.  Louis,  Mo. 
Roper,  Denney  W., 

Superintendent  Electric  Equipment,  Missouri  Edison  Co., 

Nineteenth  and  Gratiot  streets,  St.  Louis,  Mo. 
Ruckert,  Louis, 

Dealer  in  Drawing  Materials,  etc., 

3023  Shenandoah  ave.,  St.  Louis,  Mo. 
Russell,  S.  Bent, 

Assistant  Engineer  in  Charge  of  Water  Works  Extension, 

Tj  E.  May  street,  St.  Louis,  Mo. 
Saxton,  Edmund, 

Street  Railway  Contractor, 

1244  Eleventh  street,  N.  W.,  Washington,  D.  C. 
Schaub,  Julius  William, 

Civil  Engineer,  Specialty:  Bridges  and  Buildings, 

1649-50  Monadnock  Block,  Chicago,  111. 
Schaumleffel,  Peter  W., 

Superintendent  St.  Louis  Lead  and  Oil  Co.,  Howard  Station, 

2329  Whittemore  Place,  St.  Louis,  Mo. 
ScHMiTZ,  Otto, 

Civil  Engineer,  with  Julius  Pitzman, 

21 14  S.  Compton  ave.,  St.  Louis,  Mo. 
Schramm,  Oscar  H., 

Manager  The  Brownell  &  Co.,  makers  of  Boilers  and  Engines, 

1216  Union  ave.,  Kansas  City,  Mo. 
Schwedtmann,  Ferdinand, 

Superintendent  Wagner  Electric  Manufacturing  Co., 
•  2017  Locust  street,  St.  Louis,  Mo. 

Seddon,  James  Alexander, 

United  States  Assistant  Engineer, 

1637  Indiana  ave.,  Chicago,  111. 
Shaw,  Howard  Burton, 

Professor  Electrical  Engineering.  State  University,  Columbia,  Mo. 
Sherman,  Walter  J., 

Riggs  &  Sherman,  Civil  and  Consulting  Engineers, 

613  Nasby  Bldg.,  Toledo,  Ohio. 
Siebert,  Alfred, 

Consulting  Engineer  and  Refrigerating  Expert, 

4950  Columbia  ave.,  St.  Louis,  Mo. 
Smith,  Bathurst, 

United  States  Assistant  Engineer.  Sioux  City,  Iowa. 
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Sneddon,  James  Prentice^ 

Stirling  Boiler  Co.,  Barberton,  Ohio. 

Spalding,  Frederick  Putnam, 

Professor  of  Civil  Engineering,  University  of  the  State  of  Missouri, 

Columbia,  Mo. 
Spencer,  Eugene  J., 

Engineer  and  Sole  Western  Agent  for  the  Underground  Electric 
Cables  of  the  Safety  Insulated  Wire  and  Cable  Co.  of  New 
York,  Room  24,  Laclede  Bldg.,  St.  Louis,  Mo. 

Stolberg,  Emil  Charles, 

Mechanical  Engineering  Department,  Missouri  Pacific  Ry., 

2916  Eads  ave.,  St.  Louis,  Mo. 
Stuart,  Alfred  A., 

Engineer  and  Manager  for  M.  P.  Davis,  Constructing  Substructure 
of  Quebec  Bridge,  Sillery  P.  O.,  Canada. 

Swope,  Gerard, 

Electrical  Engineer  and  Representative  in  St.  Louis  of  Western 
Electric  Company,  Security  Bldg.,  St.  Louis,  Mo. 

Sykes,  Henry  Hutchins, 

Chief  Engineer,  Bell  Telephone  Co.  of  Missouri, 

Telephone  Bldg.,  St.  Louis,  Mo. 
Taussig,  Hubert  Primus, 

Consulting  Civil  Engineer, 

Room  320,  Wainwright  Bldg.,  St.  Louis,  Mo. 
Taylor,  John  Walter, 

Chief  Engineer,  T.  R.  R.  A.  and  St.  L.  M.  B.  T.  Ry., 

Union  Station,  St.  Louis,  Mo. 
Thacher,  Arthur. 

President  and  Manager  Central  Lead  Co. ;  President  Renault 
Lead  Co.,  4304  Washington  ave.,  St.  Louis,  Mo. 

Thompson,  Wilbur  Hayes, 

Electrical  Engineer,  Wagner  Electric  Manufacturing  Co., 

1906  La  Salle  street,  St.  Louis,  Mo. 
Tidemann,  Henry  Gerhard, 

Mechanical  Engineer,  with  Heine  Safety  Boiler  Co., 

1726  Mississippi  ave.,  St.  Louis,  Mo. 
Trepp,  Samuel, 

Mechanical  Engineer,  Malinkrodt  Chemical  Works, 

4150  Westminster  Place,  St.  Louis,  Mo. 
Tripp,  Chas.  A., 

Engineer,  Bemis  Bros.  Bag  Co.  and  allied  firms, 

Bemis  Indianapolis  Bag  Co.,  Indianapolis,  Ind. 
Tucker,  Charles  H., 

Treasurer  of  A.  Leschen  &  Sons'  Rope  Co., 

3853  Washington  Boulevard,  St.  Louis,  Mo. 
Turner,  Orville  H.  B., 

United  States  Assistant  Engineer,  with  Missouri  River  Commis- 
sion, Maplewood,  Mo. 
Tyrrell,  Warren  A., 

Assistant  Engineer,  St.  Louis  Water  Department, 

3920  FoLsom  ave.,  St.  Louis,  Mo. 
Urbauer,  Hugo  Frederick, 

President  of  Urbauer-Atwood  Heating  Co., 

3956  Morgan  street,  St.  Louis,  Mo. 
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Vail,  Jesse  Aaron, 

Agent,  Hamilton  Corliss  Engine  Works, 

148  Laclede  Bldg.,  St.  Louis,  Mo. 
Van  Ornum,  John  Lane, 

Professor  of  Civil  Engineering, 

Washington  University,  St.  Louis,  Mo. 
Van  Sant,  Robert  Lawrence, 

Engineer  and  Contractor,  609  Commercial  Bidg.,  St.  Louis,  Mo. 
Varrelmann,  Charles, 

Street  Commissioner,  City  Hall,  St.  Louis,  Mo. 

Wagner,  Herbert  Appleton, 

Mechanical  and  Electrical  Engineer, 

Westmoreland  Hotel,  St.  Louis,  Mo. 
Wall,  Edward  Everett, 

First  Assistant  Civil  Engineer,  Sewer  Department, 

City  Hall,  St.  Louis,  Mo. 
Wangler,  Joseph  Frank, 

Boiler  Manufacturer,  1535  N.  Ninth  street,  St.  Louis,  Mo. 

Warren,  Berl\h, 

Master  Mechanic,  Toledo,  Peoria  and  Western  Railroad, 

Peoria,  111. 
Way,  Sylvester  B., 

Superintendent  Imperial  Electric  Light,  Heat  and  Power  Co., 

Tenth  and  St.  Charles  streets,  St.  Louis,  Mo. 
Wheeler,  Herbert  Allen, 

Secretary  and  Treasurer  Standard  Tile  Co., 

3124  Locust  street,  St.  Louis,  Mo. 
Willl^ms,  Walter  Scott, 

Surveyor,  Mississippi  River  Commission, 

II 15  FuUerton  Bldg.,  St.  Louis,  Mo. 
WiNSLow,  Arthur, 

Geologist  and  Mining  Expert, 

104  West  Ninth  street,  Kansas  City,  Mo. 
Wise,  William, 

Assistant  Sewer  Commissioner,  City  Hall,  St.  Louis,  Mo. 

WoERMANN,  John  William, 

Resident  Engineer,  Illinois  and  Mississippi  Canal,  Sheffield,  111. 
Woodward,  Edward  K., 

Engineer  Maintenance  of  Way,  Detroit  Division,  Wabash  Railroad, 
Fort  Street  Union  Station,  Detroit,  Mich. 
Yeatman,  Pope, 

Mining  Engineer, 

P.  O.  Box  67,  Johannesburg,  South  African  Republic. 
Zelle,  William  Charles, 

General  Manager,  Mound  City  Construction  Co.. 

230  Lincoln  Trust  Bldg.,  St.  Louis,  Mo. 
Zeller,  Albert  Henry, 

Civil  Engineer,  1000  Fullerton  Bldg.,  St.  Louis,  Mo. 


48  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Civil  Eng^iueers'  Society  of  St.  Paul. 


Alderman,  C.  A., 

Chief  Engineer,  Dayton,  Springfield  and  Urbana 

Electric  Railway  Co.,  Columbus,  Ohio. 

Annan,  C.  L., 

Chief  Engineer's  Offices,  Choctaw,  Oklahoma 

and  Gulf  Railroad  Co.,  Little  Rock,  Ark. 

Armstrong,  J.  H., 

Civil  Engineer  and  Surveyor,  504  Globe  Bldg.,   St.   Paul,  Minn. 
Barber,  P.  E., 

Land  Department,  Northern  Pacific  Railway  Co.,  St.  Paul,  Minn. 
Blodgett,  John, 

East  Side  House,  Seventy-sixth  street  and  East  River,  New  York. 
Clark,  H.  E., 

Overseer,  United  States  Engineer's  Office, 

Army  Bldg.,  St.  Paul,  Minn. 
Claussen,  Oscar, 

Commissioner  of  Public  Works,  St.   Paul,   Minn. 

Crocker,  H.  S., 

Assistant  Engineer,  Board  of  Public  Works, 

City  Hall,  Denver,  Col. 
Crosby,  Oliver, 

President,  American  Hoist  and  Derrick  Co.,  St.  Paul,  Minn, 

CuRTiN,  David, 

Engineer  and  Roadmaster,  Twin  City  Rapid  Transit  Co., 

Minneapolis,  Minn. 
Curtis,  W.  W., 

Civil  Engineer  and  Contractor, 

549  Marquette  Bldg.,  Chicago,  111. 
Danforth,  William, 

Civil  Engineer.  Red  Wing,  Minn. 

Darling,  F.  S., 

Assistant  Engineer,  Northern  Pacific  Railway  Co., 

Tacoma,  Wash. 
Darling,  W,  L., 

Assistant  Chief  Engineer, 

Northern  Pacific  Railway  Co.,  St.  Paul,  Minn. 
Du  Shane,  James  D., 

Assistant  Engineer,  United  States  Engineer's  Office, 

Army  Building,  St.  Paul,  Minn. 
Edmondstone,  G.  S., 

City  Bridge  Engineer,  St.  Paul,  Minn. 

Elder,  Robert, 

Civil  Engineer,  Fairbanks,  Morse  &  Co.,  St.  Paul,  Minn. 

Estabrook,  J.  D,, 

Civil  Engineer,  699  Lincoln  ave.,  St.  Paul,  Minn. 

Fernstrom,  H., 

Chief  Engineer,  St.  Joseph  and  Grand  Island  Railway  Co., 

St.  Joseph,  Mo. 
Forbes,  Chas.  A., 

Surveyor,  Room  11,  Court  Block,  St.  Paul,  Minn. 
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Frf.yhold,  Fki.ix, 

Draftsman,  Bureau  of  Yards  and  Docks,  Navy  Department, 

Wasliington,   D.   C. 
IIakrison^  H.  H., 

Civil  Engineer,  Stillwater,  Minn. 

IIkdges,  S.  H., 

Contracting  Engineer,  Chicago  Bridge  and  Iron  Co., 

Washington  Heights  P.  O.,  Chicago,  111. 
Herzog,  Robert, 

Assistant  Engineer,  Great  Northern  Railway  Co.,  St.  Paul,  Minn. 
Heuston,  Geo.  Z., 

City  Engineer,  Winona,  Minn. 

HiLG.XRD,   K.   E., 

Civil  Engineer,  18  Steinweissstrasse,  Zurich  V.  Kreis,  Switzerland. 
HoGEL.\ND,  Albert  H., 

Resident  Engineer,  Great  Northern  Railway  Co.,  St.  Paul,  Minn. 
HORTON,  H.  E., 

President  and  Chief  Engineer,  Chicago  Bridge  and  Iron  Co., 

Chicago,  III. 
Hunt,  C.  A., 

Assistant  Engineer,   Montana  Division,   Great  Northern 

Railway  Co.,  Llavre,  Mont. 

Johnson,  C.  W., 

Chief  Engineer,  C,  St.  P.,  M.  and  O.  Ry.  Co.,        St.  Paul,  Minn. 
Johnson,  Noah, 

Chicago  Great  Western  Railway  Co.,  St.  Paul,  Minn. 

LOWETH,  C.  F., 

Consulting  Civil  Engineer, 

First  National  Bank  Bldg.,  St.  Paul,  Minn. 
LusERKE,  Otto, 

Chief  Draftsman,  Great  Northern  Railway  Co..       St.  Paul,  IMinn. 
Lyon,  Tracy, 

General  Superintendent,  Chicago  Great  Western  Railway  Co., 

St.  Paul,  Minn. 
McCoy,  F.  W., 

Assistant  Engineer,  Great  Northern  Railway  Co.,  St.  Paul,  Minn. 
Miller,  Hew, 

Civil  Engineer.       Room  10,  Floor  11^  100  Broadway,  New  York. 
Miller,  N.  D., 

Civil  Engineer,  551  Westminster  street,  St.  Paul,  Minn. 

Morris,  C.  J.  A., 

Engineer  and  Contractor,  613  Goodrich  ave.,  St.  Paul,  Minn. 

Munster,  a.  W., 

Bridge  Engineer,  Chicago  Great  Western  Railway  Co., 

St.  Paul,  Minn. 
Powell,  A.  O., 

Assistant  Engineer,  United  States  Engineer's  Office, 

418  Globe  Bldg.,  St.  Paul,  Minn. 
Raynor,  C.  W., 

United  States  Engineer's  Office, 

418  Globe  Bldg.,  St.  Paul,  Minn. 
Rockwell,  Samuel, 

Principal  Assistant  Engineer,  L.  S.  and  M.  S.  R.  R.  Co., 

Cleveland,  Ohio. 
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RUNDLETT,    L.    W., 

Civil  Engineer,  605  Lincoln  ave..  St.  Paul,  Minn. 

Smith,  W.  C, 

Engineer,  Guthrie  &  Co.,  St.  Paul,  Minn. 

SOMERS,  W.  A., 

Civil  Engineer,  Room  33,  Metropolitan  Opera  House, 

St.  Paul,  Minn. 
Starkey,  a.  R., 

Office  Engineer,  Office  Commi.ssioner  of  Public  Works, 

St.   Paul,  Minn. 
Stevens,  H.  E., 

Engineer  and  Contractor,  530  Grand  ave.,  St.  Paul,  Minn. 

SWENSON,  H.  A., 

Assistant  Engineer,  Northern  Pacific  Railway  Co.,  St.  Paul,  Minn. 
ToLTZ,  Max, 

Mechanical  Engineer,  Great  Northern  Railway  Co.,  St.  Paul,  Minn. 
Truesdell,  W.  a., 

Assistant  Engineer,  Great  Northern  Railway  Co.,  St.  Paul,  Minn. 

WiLGUS,   W.   J., 

Chief  Engineer,  N.  Y.  C.  and  H.  R.  R.  and  leased  lines. 

Grand  Central  Station,  New  York. 
Williamson,  Sydney  B., 

Assistant  Engineer,  United  States  Muscle  Shoals  Canal, 

Kingman,  Ala. 
Wilson,  Geo.  L., 

Assistant  Commissioner  of  Public  Works,  St.  Paul,  Minn. 

WiNSLOW,  C.  A., 

Assistant  in  City  Engineer's  Department,  St.  Paul,  Minn. 

Woodman,  E.  E., 

Secretary,  Tax  Commissioner,  C,  St.  P.,  M.  and  O.  Railway  Co., 

St.  Paul,  Minn. 
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Eugriueers'  Chib  of  Miuneapolis. 


Avery,  Henry  B., 

Mechanical   Engineer,         2548  Nicollet  ave.,   Minneapolis,   Minn. 
Btrch,  Edward  P., 

Consulting  Electrical  Engineer, 

1210  Guaranty  Bldg.,  Minneapolis,  Minn. 
Carroll,  J.  E., 

Assistant  Street  Engineer,  City  Engineer's  Department. 

3452  Nicollet  ave.,  Minneapolis,  Minn. 
Com  STOCK,  Robert^ 

Levelman,  City  Engineer's  Department, 

750  Madison  street,  N.  E.,  Minneapolis,  Minn. 
Dealing,  W.  F., 

Sidewalk  Engineer,  City  Engineer's  Department. 

City  Hall,  Minneapolis,  Minn. 
Durham,  B.  H., 

Transitman,  City  Engineer's  Department, 

618  E.  Tvirenty-fourth  street,  Minneapolis,  Minn. 
DUTTON,  E.  R., 

Assistant  City  Engineer,      3340  Pleasant  ave.,  Minneapolis,  Minn. 
Fanning,  Rennie  B., 

Consulting  Engineer,  602  Kasota  Bldg.,  Minneapolis,  Minn. 

Gillette,  L.  S., 

Gillette-Herzog  Mfg.  Co., 

627  Second  street,  S.  E.,  Minneapolis,  Minn. 
Graber,  Alfred, 

Assistant  Engineer,  Bismark,  Washburn  and  Great  Falls  Ry., 

142  Fifth  ave.,  N.  E.,  Minneapolis,  Minn. 
Hoag,  Prof.  W.  R., 

Professor  of  Civil  Engineering,  State  L'niversity, 

Minneapolis,  Minn. 
Illstrup,  Carl, 

City  Sewer  Engineer,  City  Hall,  Minneapolis,  Minn. 

Pardee,  Walter  S., 

Architect,  City  Hall,  Minneapolis,  Minn. 

Pillsbury,  C.  L., 

Electrical  Engineer,  Minneapolis  International  Electric  Co., 

Minneapolis,  Minn. 
Redfield  Wm.  W., 

Engineer  of  Construction,  City  Water  Works, 

Room  8,  City  Hall,  Minneapolis,  Minn. 
Shepardson,  Prof.  G.  D., 

Professor  of  Electrical  Engineering, 

State  University,  Minneapolis,  Minn. 
Smith,  Prof.  H.  E., 

Assistant  Professor  of  Mechanical  Engineering, 

State  University,  Minneapolis,  Minn. 
Stack,  W.  E., 

Surveyor  C.  A.  Smith  Lumber  Co., 

Camden  Place,  Minneapolis,  Minn. 
Stoopes,  W.  E., 

Assistant  County  S^urveyor,  Court  House,  Minneapolis,  Minn. 

Sublette,  G.  W., 

City  Engineer,  City  Hall.  Minneapolis,  Minn. 
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Adami,  Chas.  J.,  Act.  Mem., 

Mining  Engineer  for  Butte  and  Boston  Mining  Co.,      Butte,  Mont. 
Baker,  Thomas  T.,  Act.  Mem., 

Baker  &  Potter,  Civil  and  Mining  Engineers,  Butte,  Mont. 

Barker,  Samuel,  Jr.,  Act.  Mem., 

Pennington  &  Barker,  Civil  and  Mining  Engineers, 

29  E.  Granite  street,  Butte,  Mont. 
Bayliss,  Rawi.inson  T.,  Assoc.  Mem., 

54  Old  Broad  street,  London,  E.  C,  England. 
Beach,  Frank,  Assoc.  Mem., 

Civil  Engineer,  Las  Animas,  Col. 

Becklek,  Elbridge  H.,  Hon.  Mem., 

Civil  Engineer,  1838  Aldine  ave.,  Chicago,  111. 

Bickel,  Paul  S.  A.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Thompson  Block,  Helena,  Mont. 

Blackford,  Francis  W.,  Act.  Mem., 

Civil  and  Mining  Engineer,  United  States  Deputy 

Mineral  Surveyor,  48  E.  Broadway,  Butte,  Mont. 

Bond,  Benjamin,  Act.  Mem., 

Civil  Engineer,  Dillon,  Mont. 

Booth,  Charles  F.,  Act.  Mem., 

Real   Estate  and   Mining,  Butte,   Mont. 

Bowman,  Charles  H.,  Act.  Mem., 

Montana  State  School  of  Mines,  Butte,  Mont. 

Breen,  James,  Act.  Mem., 

General  Manager  Le  Roi  Mining  and  Smelting  Co., 

Northport,  Wash. 
Calderwood,  James  M.,  Assoc.  Mem., 

General  Manager  Rota  Anna  Mines,  Limited, 

Kapnikbanya,  Hungary. 
Cantine,  Edward  I,  Act.  Mem., 

Roadmaster  Northern  Pacific  Railway  Co.,  Billings,  Mont. 

Carroll,  Eugene,  Act.  Mem., 

Chief  Engineer  and  Superintendent  Butte  City  Water  Co., 

Box  356,  Butte,  Mont 
Catlin,  Arthur  W.,  Act.  Mem., 

Finkelnburg  &  Catlin,  Civil  and  Mining  Engineers, 

Missoula,  Mont. 
Chandler,  Richard  E.,  Assoc.  Mem., 

Civil  Engineer,  3  Highland  Place,  Ithaca,  N.  Y. 

Christian,  August,  Act.  Mem., 

Chief  Engineer  Anaconda  Copper  Mining  Co., 

Box  109,  Butte,  Mont. 
Clark,  Charles  W.,  Act.  Mem., 

General  Manager  W.  A.  Clark's  Mines,  Butte,  Mont. 

Clark,  Harry  P.,  Act.  Mem., 

General  Manager  Custer  Mine,  Winston,  Mont. 

Clark,  Joseph  K.,  Act.  Mem., 

Mining  and  Metallurgical  Engineer,  Vice-President  and  Manager 
of  Mayflower  Mining  Co.,  Butte,  Mont. 
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Clark,  William  A.,  Act  Mem., 

President  Moulton  Mining  Co.,  President  United 

Verde  Copper  Co.,  W.  A.  Clark  Brothers,  Bankers, 

Butte,  Mont. 
Crookes,  Spencer  H.,  Act.  Mem., 

U.  S.  Deputy  Mineral  Surveyor,  County  Surveyor  Park  Co., 

Livingston,  Mont. 
CuMMiNG,  Adelbert  E.,  Act.  Mem., 

Civil  and  Hydraulic  Engineer,  Harlem,  Mont. 

Danforth,  Wm.,  Jr.,  Assoc.  Mem., 

•  Civil  Engineer,  Red  Wing,  Minn. 

Darling,  WiLLiAiM  L.,  Assoc.  Mem., 

Principal  .Assistant  Engineer  Northern  Pacific  Railway, 

St.  Paul,  Minn. 
Davis,  Charles  H.,  Act.  Mem., 

Consulting  Engineer,  99  Cedar  street,  New  York,  N.  Y. 

Davis,  Henry  B.,  Act.  Mem., 

Civil  Engineer.  Deer  Lodge,  Mont. 

Dean,  Andrew  L.,  Act.  Mem., 

Superintendent  Canadian  Smelting  Works,  Trail,  B.  C. 

Decker,  Rudolph  J.,  Act.  Mem., 

Mechanical  Engineer,  Montana  Ore  Purchasing  Co.,  Butte,  Mont. 
Dodge,  Joseph  T.,  Hon.  Mem., 

Civil  Engineer,  retired, 

346  W.  Washington  ave.,  Madison,  Wis. 
Dole,  As  her,  Assoc.  Mem., 

Assistant  Engineer  Duluth,  Superior  and  Belt  Railway, 

Superior,  Wis. 
Donovan,  John  J.,  Assoc.  Mem., 

Civil  Engineer,  1201  Garden  street,  New  Whatcom,  Wash. 

DuNSHEE,  Bertram  H.,  Act.  Mem., 

Assistant  Superintendent  Boston  and  Montana  Cons. 

C.  and  S.  Mining  Co.,  Box  loii,  Butte,  Mont. 

Ellison,  James  H.,  Assoc.  Mem., 

Civil  Engineer,  3237  Stevens  ave.,  Minneapolis,  Minn. 

Finkelnburg,  Oscar  C,  Act.  Mem., 

Finkelnburg  &  Catlin,  Civil  and  Mining  Engineers, 

Missoula,  Mont. 
Fitch,  Howard  A.,  Assoc.  Mem., 

Western  Agent  and  Engineer  Gillette-Herzog  Manufacturing  Co., 

Salt  Lake,  Utah. 
Flood,  Winfield  J.,  Act.  Mem., 

Mining  Engineer,  Anaconda  Copper  Mining  Co., 

832  Quartz  street,  Butte,  Mont. 
Fortiner,  Walter  S.,  Act.  Mem., 

Civil  Engineer,  4  Colonial  Bldg.,  Seattle,  Wash. 

Foss,  George  O.,  Assoc.  Mem., 

Civil  Engineer,  410  E.  Nineteenth  street,  Minneapolis,  Minn. 

Frank,  Alfred,  Act,  Mem., 

Mining   Engineer,    Montana    Ore    Purchasing    Co..    Butte,    Mont. 
French,  John,  Act.  Mem., 

Civil  Engineer  and  Surveyor,        P.  O.  Box  56,  Great  Falls,  Mont. 
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Fuller,  F.  D.,  Act.    Mem.. 

Smelter  Foreman.  Boston  and  Montana  C.  C.  and  S.  M.  Co., 

Great  Falls.  Mont. 
Gillie,  John,  Act.  Mem., 

Superintendent  Butte  and  Boston  Con.  Mining  Co.,  Butte.  Mont. 
Gillies,  Donald  B.,  Act.  Mem., 

Mining  Engineer,  with  C.  W.  Clark,  Butte,  Mont. 

GooDALE,  Charles  W.,  Act.  Mem., 

Superintendent  of  Boston  and  Montana  Cons. 

Silver  and  Copper  Mining  Co.,  Great  Falls,  Mont. 

GooDRiDGE,  Elmer  O.,  Assoc.  Mem., 

Chief  Engineer  Power  Station,  Lowell,  Lawrence 

and  Haverhill  Street  Railway,  Bradford,  ]\Iass. 

Grant,  Robert  D.,  Act.  Mem., 

General  Manager  Sioux  and  LItah  Con.  Mining  Co.. 

Salt  Lake,  Utah. 
GuTELius,  Fred  P.,  Act.  Mem., 

Resident  Engineer,  Canadian  Pacific  Ry.,  Nelson,  B.  C. 

Hand,  Carlton  H.,  Act.  Mem., 

Mining  Engineer,  Butte,  Mont. 

Hardenbrook,  D.  Walker,  Act.  Mem., 

Mining  Engineer,  Los  Angeles,  Cal. 

Harper,  Joseph  H.,  Act.  Mem., 

Harper  &  Macdonald,  Civil  and  Mining  Engineers,       Butte,  ]\Iont. 
Harrison,  Edmund  P.  H.,  Assoc.  Mem., 

Civil  Engineer  and  Contractor,  Martinsburg,  W.  Va. 

Harrison,  William  H.,  Assoc.  Mem., 

Mining  Engineer,  Shannon  Copper  Co.,  Clifton,  Ariz. 

Haven,  William  A.,  Hon.  Mem., 

Inspecting  Engineer  Erie  Railway, 

Room  10,  Erie  R.  R.  Depot,  Buffalo,  N.  Y. 
Hebgen,  Max,  Act.  Mem., 

Electrical  Engineer,  Superintendent  Butte  Lighting 
and  Power  Co.,  and  General  Manager  Montana 
Power  Transmission  Co.,  Butte,  ]\Iont. 

Heinze,  F.  August,  Act.  Mem., 

President  and  General  Manager  Montana  Ore  Purchasing  Co., 

Butte,  Mont. 
Heller,  Daniel  E.,  Act.  Mem., 

Mining  Engineer,  8i6  Twenty-fourth  street,  Denver,  Col. 

Henley,  James  H.,  Act.  Mem., 

Superintendent  Little  Johnnie  Mine, 

301  East  Fifth  street,  Leadville,  Col. 
Herron,  John,  Assoc.  Mem., 

Mine  Superintendent  Tom  Boy  Gold  Mines,  Telluride,  Col. 

HoBART,  Azelle  E.,  Act.  Mem., 

United  States  Deputy  Mineral  Surveyor,  Butte,  Mont. 

Horn,  Henry  J.,  Jr.,  Act.  Mem., 

Superintendent  Montana  Division  N.  P.  Railway  Co., 

Livingston,  Mont. 

Hovey,  Albert  S.,  Act.  Mem., 

Civil  and  Mining  Engineer, 

Room  26,  Merchants'  National  Bank  Bldg.,  Helena,  Mont. 
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Lngersoi.l,  George  T.,  Act.  Mem., 

Mechanical  Engineer,  Butte,  Mont. 

Jaqueth,  Abram  L.,  Act.  Mem., 

City  Engineer,  Kalispell,  Mont. 

Keerl,  James  S.,  Act.  Mem., 

Civil  and  Mining  Engineer, 

P.  O.  Box  374,  Rooms  23  and  25,  Atlas  Block,  Helena,  Mont. 
Kelley,  Walter  S.,  Act.  Mem., 

Manager  The  New  Elkhorn  Mining  Co.,  Ltd.,  Leadvilie,  Col. 

Kerr,  Guy  M.,  Assoc.  Mem., 

Chemist  and  Metallurgist,  37  Bay  street.  Glens  Falls,  N.  Y. 

Kerr,  James  H.,  Assoc.  Mem., 

Geologist  and  Metallurgist,  Hotel  Ruliff,  Glens  Falls,  N.  Y. 

Ketchum,  Milo  S.,  Assoc.  Mem., 

Assistant  Professor  of  Civil  Engineering  Illinois  State  University, 

Champaign,  111. 
King,  Ernest  W.,  Act.  Mem., 

Superintendent  Great  Northern  Mining  and  Development  Co., 

Gilt  Edge,  Mont. 
Kinney,  Edward  C,  Act.  Mem., 

General  Manager  West  Gallatin  Irrigation  Co.,  Manhattan,  Mont. 

Klepetko,  Frank,  Act.  Mem., 

General  Manager  of  The  Boston  and  Montana  Cons.  Copper  and 

Silver  Mining  Co.  and  Anaconda  Reduction  Works, 

Butte,  Mont. 
Koberle,  Albert,  Act.  Mem., 

Assistant  Engineer  Anaconda  Copper  Mining  Co., 

909  Maryland  ave.,  Butte,  Mont. 
Kornburg,  Gustave  a.,  Assoc.  Mem., 

Civil  Engineer,  112  Taylor  street,  San  Francisco,  Cal. 

Leggat,  J.  Benton,  Act.  Mem., 

Mining  Engineer,  Butte,  Mont. 

Leonard,  Frank  M.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Member  United  States  Mineral  Land 
Commission,  Libby,  Mont. 

Leonard,  R.  L.,  Act.  Mem., 

President    Montana  State  School  of  Mines, 

406  W.  Broadway,  Butte,  ]\Iont. 
Macdonald,  Malcolm  L.,  Act.  Mem., 

Harper  &  Macdonald,  Civil  and  Mining  Engineers,  Butte,  Mont. 
Macfarlane,  James,  Assoc.  Mem., 

Manager  Hor.seshoe  Gold  Mining  Co.,  Deer  Lodge,  Nev. 

MacGinniss,  John,  Act.  Mem., 

Vice-President  and  Manager  Montana  Ore  Purchasing  Co., 

Box  427,  Butte,  Mont. 
McArthur,  Robert  A.,  Act.  Mem., 

Mining  Engineer  Parrot  Silver  and  Copper  Co., 

P.  O.  Box  757,  Butte,  Mont. 
McCoRMicK,  Edmund  B.,  Act.  Mem., 

Instructor  Mechanical  Engineering  Montana  College  of  Agricul- 
ture and  Mechanic  Arts,  Bozeman,  Mont. 
McHenry,  Edwin  H.,  Hon.  Mem., 

Chief  Engineer  Northern  Pacific  Railway,  St.  Paul,  Minn. 
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McNeill,  Edward  R.,  Act.  Mem., 

Engineer  in  Charge  of  Construction  Montana  Central  Railway, 

Boulder,  Mont. 
Metlen,  George  R.,  Act.  Mem., 

Mining  Engineer  and  United  Slates  Deputy  Mineral  Surveyor, 

Dillon,  Mont. 
Moore,  Clinton  H..  Act.  Mem., 

Mine  Owner,  Butte,  Mont. 

Morris,  Albert  A.,  Act.  Mem., 

Civil  Engineer,  Billings,  Mont. 

McRae,  Finlay,  Act.  Mem., 

Clerk  First  Judicial  District  Court,  Helena,  Mont. 

Mahon,  Archibald  W.,  Act.  Mem., 

Civil  Engineer,  County  Surveyor  Valley  Co.,         Glasgow,  Mont. 
Mason,  Carlisle,  Act.  Mem., 

Mechanical  Engineer,  Butte,  Mont. 

McClean,  William  M.,  Act.  Mem., 

Mechanical  Engineer,  Gilt  Edge,  Mont. 

Molson,  Charles  A.,  Assoc.  Mem., 

Mining  Engineer  Tom  Boy  Gold  Mines,  Telluride,  Col. 

MouLTHROP,  George  E.,  Act.  Mem., 

Mining  Engineer,  Boston  and  Montana  Cons.  C.  and  S.  Mining  Co., 

P.  O.  Box  674,  Butte,  Mont. 
Munroe,  William,  Act.  Mem., 

Civil  and  Mining  Engineer,  Great  Falls,  Mont. 

Palmer,  Charles  H.,  Act.  Mem., 

Mining  Engineer,  No.  532  Exchange,  Boston,  Mass. 

Page,  Clarence  V.,  Act.  Mem., 

Assistant  Engineer  Anaconda  Copper  Mining  Co., 

Box  922,  Butte,  Mont. 
Page,  James  M.,  Act.  Mem., 

U.  S.  Deputy  Mineral  Surveyor  for  Montana  and  Idaho, 

Pageville,  Mont. 
Paine,  C.  W.,  Act.  Mem., 

Engineer  in  charge  of  new  works,  Butte  City  Water  Co., 

Butte,  Mont. 
Parker,  Lewis  C,  Act.  Mem., 

Mining  Engineer,  Garnet,  Mont. 

Parker,  Maurice  S.,  Act.  Mem., 

Civil  and  Consulting  Engineer,  Ogden,  Utah. 

Patterson,  Henry  M.,  Act.  Mem., 

Architect,  Butte,  Mont. 

Patterson,  John  C,  Act.  Mem., 

Resident  Engineer  Great  Northern  Railway,      Great  Falls,  Mont. 
Putnam,  Benjamin  R.,  Act.  Mem., 

Chemist,  Montana  Ore  Purchasing  Co.,  Butte,  Mont. 

Reed,  Melville  E.,  Assoc.  Mem., 

Assistant  Engineer  Great  Northern  Railway,  Wellington,  Wash. 
Repath,  Chas.  H.,  Act.  Mem., 

Chief  Engineer,  Anaconda  Copper  Mining  Co. 

New  Reduction  Works,  Anaconda,  Mont. 

Ripley,  Theron  M.,  Act.  Mem., 

Prov.  Mar.  Gen.,  Manila,  Philippine  Islands. 
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Robinson,  Geo.  H.,  Act.  Mem., 

Supt.  Mont.  Ore  Purchasing  Co.,  Butte,  Mont. 

Ross,  Frank  A.,  Assoc.  Mem., 

General  Manager  Stromberg-Carlson  Tel.  Mfg.  Co., 

"jd  Jackson  Boulevard,  Chicago,  111. 
RouRKE,  Jerry,  Act.  Mem., 

Mining  Engineer,  with  W.  A.  Clark,  Butte    Mont. 

Ryon,  Augustus  M.,  Assoc.  Mem., 

97  Main  street,  Flushing,  N.  Y. 
S.^LES,  R.  H.,  Act.  Mem., 

Assistant  Engineer,  Boston  and  Montana  Mining  Co., 

Butte,    Mont. 
Schumacher,  Adam  J.,  Act.  Mem., 

Metallurgist,  Dillon,  Mont. 

ScoTTEN,  Frank,  Act.  Mem., 

Assistant  Engineer  Boston  and  Montana  Cons. 

C.  and  S.  Mining  Co.,  P.  O.  Box  582,  Great  Falls,  Mont. 

Seligman,  Albert  J.,  Assoc.  Mem., 

Civil  Eng.,  Nos.  108-109  Exchange  Court,  New  York  City,  N.  Y. 
Sickles,  Eugene  C,  Act.  Mem., 

Electrical  and  Mechanical  Engineer,  Anaconda  Copper  Manufac- 
turing Co.,  Butte,  Mont. 
Sizer,  Frank  L.,  Act.  Mem., 

Mining  Engineer,  with  W.  A.  Clark,  Box  1333,  Butte,  Mont. 

Sherman,  Fkkdkkic  W.,  Assoc.  Mem., 

Park  City,  Utah. 
Smith,  Charles  P.,  Act.  Mem., 

Civil  Engineer,  Address  unknown. 

Smith,  Forrest  J.,  Act.  Mem., 

Chief  Mineral  Clerk  U.  S.  Surveyor-General's  Office, 

Helena,  Mont. 
Smith,  Frank  M.,  Act.  Mem., 

Manager  of  Great  Falls  plant  of  the  United  Smelting 

and  Refining  Co.,  Smelter  P.  O.,  Great  Falls,  Mont. 

Strasburger,  E.  J.,  Act.  Mem., 

Civil  Engineer,  Butte,  Mont. 

Swearingen,  Clarence  W.,  Act.  Mem., 

City  Engineer,  Great  Falls,  Mont. 

Tappan,  Charles,  Assoc.  Mem., 

De  LaMar's  Nev.  Gold  Mining  Co.,  Delamar,  Nev. 

Taylor,  Frederic  J.,  Act.  Mem., 

Assistant  Engineer  N.  P.  Ry.  Co.,  Tacoma,  Wash. 

Thorpe,  Clayton  M.,  Act.  Mem., 

Civil  Engineer,  County  Surveyor  Gallatin  Co., 

City  Hall,  Bozeman,  Mont. 
Tower,  Burt.  A.,  Act.  Mem.. 

Mining  Engineer,  Montana  Ore  Purchasing  Co.,  Butte,  Mont. 

Tower,  George  W.,  Jr.,  Act.  Mem., 

Mining  Engineer,  Montana  Ore  Purchasing  Co.,       Butte,  Mont. 
Turner,  Harry  W.,  Act.  Mem., 

General  Mgr.  Butte  Lighting  and  Power  Co.,  Butte,  Mont. 

Vail,  Chas.  D.,  Act.  Mem., 

Principal  Assistant  Engineer,  Butte  City  Water  Co., 

Box  561,  Butte,  Mont. 
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Vail,  Richard  R.,  Act.  Mem., 

Assistant  Engineer  Anaconda  Copper  Mining  Co., 

Box  561,  Butte,  Mont. 
Vance,  Charles  C,  Act.  Mem.. 

Civil  Engineer,  with  Butte  City  Water  Co.,  Butte,  Mont. 

Warwick,  Arthur  W.,  Act.  Mem., 

Chemist  and  Mining  Engineer, 

Care  Hersey  &  Bean,  Stillwater,  Minn. 
Weed,  Walter  H.,  Act.  Mem., 

Geologist  U.  S.  Geological  Survey,  Washington,  D.  C. 

Weir,  Thomas,  Act.  Mem., 

Consulting  and  Mining  Engineer,  Dooly  Bldg., 

P.  O.  Box  57,  Salt  Lake  City,  Utah. 
Wheeler,  Harry  V.,  Assoc.  Mem., 

Goldsworthy  &  Wheeler,  Civil  and  Mining  Engineers, 

128  N.   Main  street,  Los  Angeles,  Cal. 
Whitcomb,  Adelbert  F.,  Act.  Mem., 

Assistant  Engineer  G.  N.  Railway,  St.  Paul,  Minn. 

White,  R.  T.,  Assoc.  Mem., 

Superintendent  Highland  Boy  Smelter,  Murray,  Utah. 

White,  William,  Act.  Mem., 

Architect,  Butte,  Mont. 

Whitten,  Benjamin  D.,  Act.  Mem., 

Mechanical  Engineer,  P.  O.  Box  56,  Great  Falls,  Mont. 

Whyte,  Fred'k  W.  C,  Act.  Mem., 

General  Manager  Coal  Department  Anaconda  Copper  Min.  Co., 

Belt,  Mont. 
WiCKES,  George  T.,  Act.  Mem., 

Mining  Engineer,  602  N.  Ewing  street,  Helena,  Mont. 

Williams,  William  H.,  Act.  Mem., 

Professor  of  Mechanical  and  Electrical  Engineering, 

Montana  State  College  of  Agriculture  and  Mechanic  Arts, 

Bozeman,  Mont. 
Wilson,  George  W.,  Act.  Mem., 

Civil  Engineer,  Philipsburg,  Mont. 

Wilson,  Elliott  H.,  Act.  Mem., 

Civil  and  Mining  Engineer,  Butte,  Mont. 

Winchell,  Horace  V.,  Act.  Mem., 

Geologist,  Anaconda  Copper  Mining  Co.,  Butte,  Mont. 

Wishon,  Walter  W.,  Act.  Mem., 

Superintendent  Speculator  Mine,  Butte,  Mont. 

Word,  William  F.,  Act.  Mem., 

Superintendent  Gagnon  Mine,  Butte,  Mont. 

Young,  John  W.,  Assoc.  Mem., 

Vice-President,  Eraser  &  Chalmers,  Chicago,  111. 

Zaschke,  William,  Act.  Mem., 

Assistant  Engineer  Anaconda  Copper  Mining  Co.,        Butte,  Mont. 
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Allardt.  Geo.  F.,  Mem., 

Civil  Engineer,  420  California  street,  San  Francisco,  Cal. 

B.\I.LANTYNE,    A.,    MciTl., 

Superintendent  Light  House  Construction, 

Room  89,  Flood  Bldg.,  San  Francisco,  Cal. 
Barth,  Hermann,  Mem.. 

Architect,  601  California  street,  San  Francisco,  Cal. 

Bassell,  Burr,  Mem., 

Civil  Engineer,  Standard  Electric  Company, 

Mokelumne  Hill,  Cal. 
Behr,  H.  C,  Mem., 

Mechanical  Engineer,  Capetown,  South  Africa. 

Behr,  Dr.  H.  H.,  Assoc.  Mem., 

Scientist,  Academy  of  Sciences,   San  Francisco,   Cal. 

Bell,  Newton  M.,  Assoc.  Mem., 

Manufacturer,  116  Battery  street,  San  Francisco,  Cal. 

Blood,  Geo.  D.,  I\Iem., 

Mining  Engineer,  Box  F,  Park  City,  Utah. 

Bowers,  A.  B.,  Mem., 

Civil  Engineer,  loi  Sansome  street,  San  Francisco,  Cal. 

Boyd,  Jos.  C,  Mem., 

Surveyor,  Sacramento,  Cal. 

Brandegee,  T.  S.,  Mem., 

Scientist,  Box  684,  San  Diego,  Cal. 

Brigham,  H.  a.,  Mem., 

Mining  Engineer,  Care  Lick  House.  San  Francisco,  Cal. 

Brodie,  Alex.  O.,  Mem., 

Civil  Engineer,  Crown  Point  Mine,  Crown  Point,  Ariz. 

Brooks,  T.  W.,  Mem., 

Technologist,  Dunham,  Carrigan  &  Hayden  Co., 

19  Beale  street,  San  Francisco,  Cal. 
Brown,  Perry  F.,  Mem., 

Civil  Engineer, 

Room  4,  Tenth  floor,  Mills  Bldg.,  San  Francisco,  Cal. 
Browne,  Ross  E.,  Mem., 

Mining  Engineer,  Nevada  Block,  San  Francisco,  Cal. 

BucKMAN,  O.  H.,  Mem., 

Surveyor,  Napa  City,  Cal. 

Butcher,  Thomas  W.,  Assoc.  Mem., 

Builder,  4150  Twentieth  street,  San  Francisco,  Cal. 

Buxton,  Walter  de,  Mem., 

Civil  Engineer,  Box  137,  Williams,  Ariz. 

Chodzko,  a.  E.,  Mem., 

Mechanical  Engineer,  220  Market  street,  San  Francisco,  Cal. 

CoNGDON,  Chas.  H.,  Mem., 

Civil  Engineer,  Bakersfield,  Kern  county,  Cal. 

CoNNiCK,  Harris  D.,  Mem., 

Civil  Engineer,  Board  of  Public  Works, 

City  Hall,  San  Francisco,  Cal. 
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Crockett,  J.  B.,  Mem., 

Technologist,  President  San  Francisco  Gas  and  Electric  Light  Co., 

415  Post  street.  San  Francisco,  Cal. 
Davis,  Major  C.  E.  L.  B.,  Mem., 

Corps  of  Engineers,  United  States  Army, 

90  Flood  Bldg.,  San  Francisco,  Cal. 
Davis,  Chas.  Henry,  Mem., 

Consulting  Engineer,  99  Cedar  street,  New  York,  N.  Y. 

Day,  Chas.  A.,  Assoc.  Mem., 

Builder,  Builders'  Exchange,   San  Francisco,   Cal. 

Denio,  O.  H.  M.,  Assoc.  Mem., 

Foreman  Mason,  United  States  Navy, 

Vallejo,  Solano  county,  Cal. 
Dickie,  Geo.  W.,  Life  Mem., 

Mechanical  Engineer,  Manager  Union  Iron  Works, 

San  Francisco,  Cal. 
Dow,  Geo.  E.,  Mem., 

Mechanical  Engineer,  Dow  Steam  Pump  Works, 

114  Beale  street,  San  Francisco,  Cal. 
DuTTON,  Harry  S.,  Mem., 

Architect,  321  Market  street,  San  Francisco,  Cal. 

Eaton,  Frederick,  Mem., 

Civil  Engineer,  Burdick  Block,  Los  Angeles,  Cal. 

Edinger,  F.  S.,  Mem., 

Civil  Engineer,  Bowditch  street,  Berkeley,  Cal. 

Elsemore,  W.  C,  Mem., 

City  Engineer,  Eureka,  Cal. 

Erlach,  Arnold  d',  Mem., 

Mechanical  Engineer,      3821  Twentieth  street,  San  Francisco,  Cal. 
Evans,  Geo.  H.,  Life  Mem., 

Mining  Engineer,  Breckenridge,    Col. 

Falkenau,  Louis,  Mem., 

Chemist,  358  Sacramento  street,  San  Francisco,  Cal. 

Ferris,  J.  W.,  Mem.,    • 

Mining  Engineer,  320  Sansome  street,  San  Francisco,  Cal. 

Forderer,  Joseph  F.,  Assoc.  Mem., 

Metal  Worker,  Forderer  Cornice  Works, 

8  Natoma  street,  San  Francisco,  Cal. 
Forsyth,  Robert,  Mem., 

Mechanical    Engineer,    Union    Iron    Works,    San    Francisco,    Cal 
Gates,  H.  D.,  Mem., 

Civil  Engineer,  311  Lyon  street,  San  Francisco,  Cal. 

Gjessing,  Erland,  Assoc.  Mem., 

732  Powell  street,  San  Francisco,  Cal. 
Gray,  John  W.,  Mem., 

Civil  Engineer,  923  Linden  street,  Oakland,  Cal. 

Greub,  Adolf.,  Assoc.  Mem., 

Instrument  Maker, 

Care  A.  Lietz  Company,  422  Sacramento  street,  San  Francisco,  Cal. 
Grunsky,  C.  E.,  Mem., 

Civil  Engineer,  City  Engineer,  City  Hall,  San  Francisco,  Cal. 

Gutzkow,  Fred^k,  Mem., 

Mining  Engineer,  28  Columbia  Square,  San  Francisco,  Cal. 
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320  Sansome  street,  San   Francisco,  Gal. 

21  Bernal  ave.,  San  Francisco,  Cal. 

Johannesburg,   South  African  Republic. 

Salinas,  Monterey  county,  Cal. 

Gaston,  Nevada  county,  Cal. 


Haas,  Edward  F.,  Mem., 

Civil  Engineer, 
Hall,  C.  I.,  Mem., 

Mechanical  Engineer, 
Hall,  Wm.  Ham.,  Mom., 

Civil  Engineer, 
Hare,  Lou  G.,  Mem., 

Surveyor, 
Harmon,  Dana,  Mem., 

Mining  Engineer, 
Hellmann,  Fred'k,  Mem., 

Mining  Engineer,  Care  East  Rand  Proprietary  Mines, 

TT  T7    t:-    ^T  P.  O.  Box  204,  Boksburg,  South  Africa. 

Henderson,  E.  P.,  Mem., 

Civil  Engineer,  Care  San  Francisco  and  San  Joaquin  Valley  Ry., 

Ti  T-,    /-     ^^r  FrcsDO,  Cal. 

Henny,  D.  C,  Mem.,  ' 

Civil  Engineer,  Manager  Excelsior  Wooden  Pipe  Co., 

„  ^  ,^  ^°4  Front  street,  San  Francisco,  Cal 

Herrmann,  Charles,  Mem., 

Surveyor, 
Herrmann,  F.  C,  Mem., 

Civil  Engineer, 
Hesse,  Fred'k  G.,  Mem., 

Professor, 
Heuer,  Col.  Wm.  H.,  Mem., 

Corps  of  Engineers, 
Hewitt,  Edward  T.,  Mem., 

Instructor, 
Hindes,  Stetson  G.,  Mem., 

Civil  Engineer, 
HoBSON,  J.  B.,  Mem., 

Mining  Engineer, 
Hoffmann,  Chas.  F.,  Mem., 

Mining  Engineer, 

Care  Ross  E.  Browne,  Nevada  Block,  San  Francisco,  Cal. 
Hollister,  John  J.,  Mem., 

Civil  Engineer,  Santa  Barbara,  Cal. 

Hopps,  John  H.,  Mem., 

Mechanical  Engineer,  330  Market  street,  San  Francisco,  Cal. 

Hughes,  D.  E.,  Mem., 

Civil  Engineer, 

(United  States  Engineers),  Box  416,  San  Diego,  Cal. 
Hunt,  Loren  E.,  Jun.  Mem., 

Instructor  in  Civil  Engineering, 

University  of  California,  Berkeley,  Cal. 
Irving,  Samuel  C,  Assoc.  Mem., 

Manufacturer,  116  Battery  street,  San  Francisco,  Cal. 

Jackson,  Byron,  Mem., 

Mechanical  Engineer,  625  Sixth  street,  San  Francisco,  Cal. 

Johnston,  George,  Mem., 

Mechanical  Engineer,  326  Oak  street,  San  Francisco,  Cal. 

[10] 


San  Jose,  Cal. 

320  Sansome  street,  San  Francisco,  Cal. 

P.  O.  Box  452,  Oakland,  Cal. 

San  Francisco,  Cal. 

619  Capp  street,  San  Francisco,  Cal. 

330  Market  street,  San  Francisco,  Cal. 

Quesnelle  Forks,  British  Columbia. 
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Jones,  Edw.  C,  Mem., 

Mechanical  Engineer,  San  Francisco  Gas  and  Electric  Company, 

415  Post  street,  San  Francisco,  CaU 
Keatinge,  Richard,  Assoc.  Mem., 

Builder,   Builders'  Exchange, 

40  New  Montgomery  street,  San  Francisco,  Cal. 
Kellogg,  H.  Clay,  Mem., 

Civil  Engineer,  Santa  Ana,  Cal. 

Kieffer,  Stephen  E.,  Mem., 

Civil  Engineer,  Sutter  Club,  Sacramento,  Cal. 

Kluegel,  C.  H.,  Mem., 

Civil  Engineer,  P.  O.  Box  796,  Honolulu,  H.  I. 

Knowles,  F.  E.,  Assoc.  Mem., 

Builder,  Builders'  Exchange, 

40  New  Montgomery  street,  San  Francisco,  Cal. 
KowER,  Hermann,  Mem., 

Professor,  University  of  California,  Berkeley,  Cal. 

Kurtz,  Charles  M.,  Mem., 

Civil  Engineer, 

Room  4,  Tenth  Floor,  Mills  Bldg.,  San  Francisco,  Cal. 
Lacy,  B.  T.,  Mem., 

Mechanical  Engineer,        615  Chestnut  street,  San  Francisco,  Cal. 
Lamar,  Peter  E.,  Mem., 

Civil  Engineer,  Honolulu,  H.  I. 

Larkin,  Harry,  Assoc.  Mem., 

Manufacturer,  Ii6  Battery  street,  San  Francisco,  Cal. 

Le  Conte,  L.  J.,  Mem., 

Civil  Engineer,  P.  O.  Box  492,  Oakland,  Cal. 

Leonard,  John  B.,  Mem., 

Civil  Engineer,  Care  Healy,  Tibbetts  &  Co., 

42  Stewart  street,  San  Francisco,  Cal. 
LiETZ,  Adolf,  Mem., 

Instrument  Maker,      422  Sacramento  street,  San  Francisco,  Cal. 
LivERMORE,  Norman  B.,  Mem., 

Civil  Engineer,  Board  of  Public  Works, 

City  Hall,  San  Francisco,  Cal. 
Mahoney,  John  J.,  Assoc.  Mem., 

Builder,  200  Crocker  Bldg.,  San  Francisco,  Cal. 

Manson,  Marsden,  Mem., 

Civil  Engineer,  Board  of  Public  Works, 

City  Hall,  San  Francisco,  Cal. 
Marx,  Chas.  D.,  Mem., 

Professor,  Leland  Stanford,  Jr.,  University,  Palo  Alto,  Cal. 

Masow,  Frank  H.,  Assoc.  Mem., 

Builder,  Box  133,  Builders'  Exchange,  San  Francisco,  Cal. 

McBean,  p.  McG.,  Assoc.  Mem., 

Manufacturer,  1358  Market  street,  San  Francisco,  Cal. 

McCann,  Richard,  Assoc.  Mem., 

Building  Contractor,  217  Waller  street,  San  Francisco,  Cal. 

McCone,  Alex.  J.,  Assoc.  Mem., 

Manufacturer,  Fulton  Foundry,  Virginia  City,  Nev. 

McGilvray,  John  D.,  Assoc.  Mem., 

Builder,  Builders'  Exchange, 

40  New  Montgomery  street,  San  Francisco,  Cal. 
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RIcNicoLL,  A.  J.,  Mem., 

Mechanical  Engineer,  122  Main  street,  San  Francisco,  Cal. 

McPhee,  Daniel^  Assoc.  Mem., 

Builder,  Nineteenth  and  Harrison  streets,  San  Francisco,  Cal. 

Meese,  Constant,  Mem., 

Mechanical  Engineer,  129  Fremont  street,  San  Francisco,  Cal. 

Mendell,  Col.  Geo.  H.,  Mem., 

Military  Engineer,  Board  of  Public  Workj. 

City  Hall,  San  Francisco,  Cal. 
IMerrill,  E.  H.,  Mem., 

Technologist,  Standard  Oil  Co., 

421  Market  street,  San  Francisco,  Cal. 
Meyer,  Herm.wn,  Mem., 

Mining  Engineer,  1130  Eddy  street,  San  Francisco,  Cal. 

Miller,  J.  W.,  Assoc.  Mem., 

Builder,  3384  Eighteenth  street,  San  Francisco,  Cal. 

Molera,  E.  J.,  Life  Mem., 

Civil  Engineer,  2025  Sacramento  street,  San  Francisco,  Cal. 

Moore.  R.  S.,  Mem., 

Mechanical  Engineer,  Risdon  Iron  Works, 

Howard  ar.d  Beale  streets,  San  Francisco,  Cal. 
MoRRiN,  Thomas,  Mem., 

Mechanical  Engineer.  Mills  Bldg.,  San  Francisco,  Cal. 

Morse,  F.  B.,  Mem., 

Mining  Engineer,  El  Parian,  Estado  de  Oaxara,  Mexico. 

Noble,  Patrick,  Mem., 

Mechanical  Engineer,   Pacific  Rolling  Mills,   San  Francisco,   Cal. 
Oates,  W.  W.,  Mem., 

Architect,  Stockton,  Cal. 

O'Shaughnessey,  M.  M.,  Mem., 

Civil  Engineer,  Crocker  Bldg.,  San  Francisco,  Cal. 

Power,  Geo.  C,  Mem., 

Civil  Engineer,  San  Buenaventura,  Ventura  county,  Cal. 

Power,  Harold  T.,  Mem., 

Mining  Engineer,  Michigan  Bluflf,  Cal. 

Prindle,  Franklin  C,  Mem., 

Civil  Engineer,  United  States  Navy,  Navy  Yard,  Mare  Island,  Cal. 
Prutzman,  Paul  W.,  Mem., 

Chemist,  Sixteenth  and  Mississippi  streets,  San  Francisco,  Cal. 

QuiNAN,  Wm.  R.,  Mem., 

Chemist,  care  De  Beers  Consolidated  Mines,  Limited, 

Guardian  Bldg.,  Cape  Town,  South  Africa. 
Randall,  H.  I.,  Mem., 

Professor,  University  of  California,  Berkeley,  Cal. 

Randle,  Geo.  N.,  Mem., 

Civil  Engineer,  State  Board  Public  Works,  Sacramento,  Cal. 

Ransom,  Tom.  W.,  Mem., 

Mechanical  Engineer, 

330  Market  street,  Room  611,  San  Francisco,  Cal. 
Reid,  Jas.  W.,  Mem., 

Architect,  Reid  Bros.,  Call  Bldg.,  San  Francisco,  Cal. 

Richards,  John,  Mem., 

Mechanical  Engineer,  22  California  street,  San  Francisco,  Cal. 
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Ridley,  A.  E.  Brooks^  Mem., 

Electrical  Engineer, 

Parrot  Bldg.,  Fifth  Floor,  San  Francisco,  Cal. 
Rossow,  Ernest  F.,  Mem., 

Draftsman,  Vallejo,  Cal. 

Sala,  Jos.  C,  Mem., 

Instrument  Maker,  429  Montgomery  street,   San  Francisco,   Cal. 
Sanborn,  A.  H.,  Mem., 

Surveyor,  632  Post  street,  San  Francisco,  Cal. 

ScHiERHOLz,  A.,  Mem., 

Mechanical  Engineer,  care  Risdon  Iron  Works,  San  Francisco,  Cal. 
ScHiLD,  Edward  T.,  Assoc.  Mem., 

Manufacturer,  Gundlach-Bundschu  Wire  Co., 

Second  and  Market  streets,  San  Francisco,  Cal. 
ScHiLD,  Geo.  F.,  Mem., 

Naval  Architect,  Vallejo,  Cal. 

ScHiNDLER,  A.  D.,  Mem.,  . 

Civil  Engineer,  Yosemite  Hotel,  Stockton,  Cal. 

ScHULZE,  Henry  A.,  Mem., 

Architect,  94  Flood  Bldg.,  San  Francisco,  Cal. 

Schuyler,  J.  D.,  Mem., 

Civil  Engineer, 

524  Stimson  Block,  Third  and  Spring  streets,  Los  Angeles,  Cal. 
Smith,  Wm.  P.,  Mem., 

Civil  Engineer,  1017  Monadnock  Bldg.,  Chicago,  Ills. 

Soule'  Frank,  Mem., 

Professor,  University  of  California,  Berkeley,  Cal. 

Spiers,  James,  Mem., 

Mechanical   Engineer,   Fulton   Iron  Works,   San   Francisco,   Cal. 

Stewart,  Col.  C.  Seaforth,  Hon.  Mem., 

Washington,  D.  C. 
Taylor,  James  T.,  Mem., 

Civil  Engineer,  Honolulu,  H.  I. 

Thompson,  Lawrence,  Mem., 

Civil  Engineer,  915  Geary  street,  San  Francisco,  Cal. 

Tower,  Morton  L.,  Mem., 

Civil  Engineer,  United  States  Engineer  Office, 

Empire  City,  Ore. 
Uhlig,  Carl,  Mem., 

Civil  Engineer,  State  Harbor  Commission, 

Ferry  Bldg.,  San  Francisco,  Cal. 
Vail,  R.  M.,  Mem., 

Civil  Engineer,  Bowers,  Cal. 

Vischer,  Hubert,  Mem., 

Civil  Engineer,  United  States  Debris  Commission, 

Flood  Bldg.,  San  Francisco,  Cal. 
VoN  Geldern,  Otto,  Mem., 

Civil  Engineer,  1513  Vallejo  street,  San  Francisco,  Cal. 

Waggoner,  W.  W.,  Mem., 

County  Surveyor,  Nevada  City,  Cal. 

Wagoner,  Luther,  Mem., 

Civil  Engineer,  705  Chestnut  street,  San  Francisco,  Cal. 
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Wallace,  John  H.,  Mem., 

Civil  Engineer,  Southern  Pacific  Company, 

4  Montgomery  street,  San  Francisco,  Cal. 
Wepfer,  G.  W.,  Mem., 

Mechanical  Engineer,  Box  2088,  Johannesburg,  South  Africa. 

Wetmore,  Geo.  P.,  Assoc.  Mem., 

Concrete  Builder,  117  Sutter  street,  San  Francisco,  Cal. 

Wilson,  Commodore  Theodore  D.,  Hon.  Mem., 

...  _  „     ^,  Washington,  D.  C. 

Wing,  Chas.  B.,  Mem., 

Professor,  Leland  Stanford,  Jr.,  University,  Palo  Alto   Cal 

Wolf,  J.  H.  G.,  Mem., 

Civil  Engineer,  Fort  Baker,  San  Francisco  Harbor,  Cal. 

Wright,  Geo.  A.,  Mem., 

Architect,  Merchants'  Exchange  Bldg.,  San  Francisco,  Cal. 
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Detroit  Eng'ineering-  Society. 


Allor,  Elmer  L., 

Attornej'-at-Law,  with  Clark,  Durfce,  Allor  &  Marston,  710  Union 
Trust  Bldg.  Residence,  Detroit,  Mich. 

AsHVVELL,  William  H., 

Civil  Engineer,  with  Wm.  H.  Ashwell  &  Co.,  25  Whitney  Opera 
House.  Residence,  Grand  ave.,  Highland  Park,  Mich. 

Allen,  John  R., 

Professor  Mechanical  Engineering,  University  of  Michigan,  Ann 
Arbor,  Mich. 

Residence,  226  S.  Ingalls  street,  Ann  Arbor,  Mich. 
Ames,  Joseph  H., 

Master  Mechanic,  Michigan  Peninsular  Car  Co.,  Detroit,  Mich. 

Residence.  445  Ferry  ave.,  Detroit,  Mich. 
Bridge,  Henry, 

Mechanical   Engineer,   Michigan  Portland  Cement  Co. 

Residence,  24  N.  Jefferson  ave.,  Coldwater,  Mich. 
Brown,  Mason  L., 

Civil  Engineer,   with  Mason  L.    Brown,  820-823  Chamber   Com- 
merce. Residence,  Detroit,  Mich. 
Barcroft,  F.  T., 

Civil  Engineer,  with  Joy  &  Barcroft,  407-8  Ferguson  Bldg. 

Residence,  122  Westminster  ave.,  Detroit,  Mich. 
Brinkerhoff,  W.  E., 

Draftsman,  Detroit  Bridge  and  Iron  Works.  Detroit,  Mich. 

Bothfeld^  Charles  C, 

Civil  Engineer,  Iron  and  Steel  Contractor,  34  Home  Bank. 

Residence,  183  W.  Fort  street,  Detroit,  Mich. 
Bibbins,  J.  R., 

B.Sc,  Edison  Illuminating  Co.,  Detroit,  Mich. 

Residence,  56  Hastings  street,  Detroit,  Mich. 
BiGLER,  F.   S., 

Secretary,  Michigan  Bolt  and  Nut  Works. 

Residence,   Detroit,   Mich. 
BiSSELL,  H.   S., 

With  Shaw-Kendall  Co.,  Toledo,  Ohio. 

Residence,  Toledo,  Ohio. 
Burton,  Charles  F., 

Attorney,  12  Hodges  Block,  Detroit. 

Residence,  50  Brainard  street,  Detroit,  Mich. 
Calder,  Charles  B., 

General   Superintendent  Detroit  Shipbuilding  Co. 

Residence,  67  Avery  ave.,  Detroit,  Mich. 
Conant,  William  S., 

Consulting  Engineer,  36  Moffat  Block. 

Residence,  25  Eliot  street,  Detroit,  Mich. 
Collamore,  Ralph, 

Assistant  Engineer,  with  Field  &  Hinchman,  1206  Majestic  Bldg. 
Residence,  The  Clayton,  Detroit,   Mich. 
Colby,  Archie  L., 

Engineer,  Detroit  Bridge  and  Iron  Works. 

Residence,  371  Vinewood  ave.,  Detroit,  Mich. 
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Courtis,  William  Munroe, 

A.M.,  U.  S.  Potash  Co.,  412  Haiiiinond  BIdg. 

Residence,  449  Fourth  ave.,  Detroit,  Mich. 
Corse,  Willi.\m  M., 

S.  B.  M.  I.  T.  '99,  Detroit  White  Lead  Works,  560  E.  Milwaukee 
ave.  Residence,  26  Hcndrie  ave.,  Detroit,  Mich. 

Colburn,  Burnham  Standish, 

Secretary  and  Treasurer  Canadian  Bridge  Co.,  Ltd.,  Walkerville, 
Ont.  Residence,  25  Richard  street,  Detroit,  Mich. 

Cederstrom,  B.  E., 

Mechanical  Engineer,  with  Samuel  F.  Hodges  &  Co.,  320  Atwater 
street.  Residence,  180  N.  Grand  Boulevard,  Detroit,  Mich. 

CooLEY,  Mortimer  E., 

Professor  Mechanical  Engineering,  University  of  Michigan,  Ann 
Arbor,   Mich.     Res.,   727   S.    State   street,   Ann  Arbor,   Mich. 
Coffin,  Charles  L., 

Residence,  35  Medbury  ave.,  Detroit,  Mich. 
Campau,  M.  Woolsey, 

Draftsman,  Dry  Dock  Engine  Works,  Detroit,  Mich. 

Residence,  564  Congress  street,  E.  Detroit,  Mich. 
Demrick,  a.  H., 

Superintendent  Engineer,  Gilbert,  Wilkes  &  Co.,  Union  Trust  Bldg. 

Residence,  Detroit,  Mich. 
Dow,  Alexander, 

General  Manager,  Edison  Illuminating  Co.,  18  Washington  ave. 

Residence,  844  Cass  ave.,  Detroit,  Mich. 
DuNLAP,  Frank  M., 

Mechanical  Engineer,  57  Selden  ave. 

Residence,  57  Selden  ave.,  Detroit,  Mich. 
Douglas,  Benjamin, 

Bridge  Engineer,  Michigan  Central  Ry.,  Detroit,  Mich. 

Residence,  Grosse  Isle,  Mich. 
Davis,  Joseph  Baker, 

Professor  Geodesy  and  Surveying,  University  of  Michigan,  Ann 
Arbor.  Residence,  Ann  Arbor,  Mich. 

Denison,  Charles  S., 

Professor,  University  of  Michigan,  Ann  Arbor. 

Residence,  502  E.  Huron  street,   Ann  Arbor,  Mich. 
Dierkes,  Anthony  F., 

Draftsman,  Detroit  Water  Works. 

Residence,  962  Bellevue  ave.,  Detroit,  Mich. 
DixoN,  Charles  Y., 

Assistant  Engineer,  United  States  Improvement,  Detroit  River. 

Residence,  Amherstburg,  Ontario,  Canada. 
Duncan,  W.  J., 

Assistant  Bridge  Engineer,   Michigan  Central   Ry.,   M.   C.   R.   R. 
Depot,  Detroit.     Residence,  660  John  R  street,  Detroit,  Mich. 
Du  Pont,  Antoine  B., 

With  St.  Louis  Transit  Co.,  St.  Louis,  Mo. 
Field,  Henry  George, 

Consulting  Engineer,  with  Field  &  Hinchman,  1206  Majestic  Bldg. 
Residence,  1477  Grand  River  ave.,  Detroit,  Mich. 
Fenkell,  George  H., 

Chief  Draftsman,  Detroit  Water  Office,  232  Jefferson  ave. 

Residence,  275  Balwin  ave.,  Detroit,  Mich. 


68  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Farmer,  Thomas,  Jr., 

Mechanical  Engineer,  Detroit  Citizens'  Street  Railway,  12  Wood- 
ward ave.  Residence,  68  Piquette  ave.,  Detroit,  Mich. 
Green,  Rutger  B., 

Solvay   Process   Co.  Residence,    Detroit,    Mich. 

Galwey,  J.  H., 

Inspector,  United  States  Inspection  Service,  210  Old  Federal  Bldg. 
Residence,  79  Leverette  street,  Detroit,  Mich. 
GoLDMARK,  Henry, 

Resident  Engineer,  with  Geo.  S.  Morrison,  35  Wall  street. 

Residence,  270  W.  Ninety-fourth  street.  New  York. 
Green,  A.  H.,  Jr., 

Manager  Solvay  Process  Co. 

Residence,  64  Lafayette  ave.,  Detroit,  Mich. 
Gerhauser,  William, 

Mechanical  Engineer,  1107  Chamber  Commerce. 

Residence,  562  Congress  street,  E.  Detroit,  Mich. 
Greene,  Charles  E., 

Professor  Civil  Engineering,  University  of  Michigan,  Ann  Arbor. 
Residence,  415  E.  William  street,  Ann  Arbor,  Mich. 
Haskell,  Eugene  E., 

United  States  Assistant  Engineer,  Engineer's  Corps,  United  States 
Army,  Jones'  Bldg. 

Residence,  Alhambra  Flats,  Detroit,  Mich. 
Hodge,  Harry  S., 

President  Samuel  Hodge  &  Co.,  Inc.,  320  Atwater  street. 

Residence,  66  Winder  street,  Detroit,  Mich. 
Hubbell,  Clarence  W., 

Civil  Engineer  Board  Water  Com.,  232  Jefferson  ave. 

Residence,  2>^y  Field  ave.,  Detroit,  Mich. 
Hanford,  Herbert  O., 

Draftsman  Detroit  Water  Office. 

Residence,  837  Fifteenth  street,  Detroit,  Mich. 
Hawks,  James  D., 

President  Detroit  and  Mackinac  Ry.  Co. 

Residence,  999  Jefferson  ave.,  Detroit,  Mich. 
Hinchman,  Theodore  H.,  Jr., 

Consulting  Engineer,  with  Field  &  Hinchman,  1206  Majestic  Bldg. 
Residence,  267  E.  Larned  street,  Detroit,  Mich. 
Hewitt,  Edgar, 

Draftsman,  Detroit  Water  Office,  Detroit,  Mich. 

Kimball,  Geo.  H., 

Chief  Engineer,  Pere  Marquette  Railway,  Union  Station. 

Residence,  117  Henry  street,  Detroit,  Mich. 
ICeep,  William  J., 

Superintendent,  Michigan  Store  Co. 

Residence,  753  Jefferson  ave.,  Detroit,  Mich. 
Kiefer,  Arthur  E., 

Secretary  and  Treasurer  Detroit  Edge  Tool  Works,  Detroit,  Mich. 
Residence,  884  Congress  street,  E.  Detroit,  Mich. 
Kirby,  Frank  E., 

Chief  Engineer,  Detroit  Dry  Dock  Co. 

Residence,  555  Woodward  ave.,  Detroit,  Mich. 
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King,  W.  C, 

City  Engineer's  Office,  16  City  Hall. 

Residence,  150  Calumet  ave.,  Detroit,  Mich. 
Little,  F.  A., 

Civil  Engineer,  Standard  Engine  Co.,  1101-2-3  Chamber  Commerce. 
Residence,  565  Bagg  street,  Detroit,  Mich. 
LuNN,  Ernest, 

Edison  Illuminating  Co.,  Miami  ave.,   Detroit. 
Lel.\nd,  Henry  M., 

General  Superintendent,  Leland  &  Faulconer  ivlfg.  Co. 

Residence,  69  Watson  street,  Detroit,  Mich. 
Lewis,  Jacob  F., 

With  John  T.  McRoy,  302  Broadway,  New  York,  N.  Y. 
Livingstone,  William  A., 

Manufacturer,  40  Eliot  street,  Detroit,  Mich. 

Maxwell,  David, 

Bridge  Engineer,  with  Riter-Conley  Co.,  Pittsburg,  Pa. 

Residence,  204  North  ave.,  Allegheny,  Pa. 
McMath,  Francis  C, 

President  and  Engineer   Canadian  Bridge  Co.,  Walkerville,  Ont. 

Residence,  29  Rowena  street,  Detroit,  Mich. 
McCrickett,  Thos., 

With  Russel  Wheel  and  Foundry  Co. 

Residence,  12  Howard  street,  Detroit,  Mich. 
Maurice,  Walter  B., 

B.S.,  Michigan  Tax  Com. 

Residence,  1285  Jefferson  ave.,  Detroit,  Mich. 
MoLiTOR,  David^ 

Consulting  and  Civil  Engineer,  Fred.  Rueping  Leather  Co. 

Residence,  125  Harney  street,  Fond  du  Lac,  Mich. 
MoLiTOR,  Edward, 

Assistant  Chart  Construction,  United  States  Lake  Survey,  Room 
14,  Jones  Bldg.     Residence,  93  Winder  street,  Detroit,  Mich. 
Mason,  F.  H., 

Michigan  and  N.  W.  Ohio  Rep.,  Harrison  Safety  Boiler  Works. 
79  Moffat  Block.         Residence,  630  Cass  ave.,  Detroit,  Mich. 
Mattsson,  a.  George, 

Mechanical  Engineer,  Detroit  Dry  Dock  Engineering  Works, 

Detroit,  Mich. 
Masson,  George, 

Civil  Engineer,  39  Columbia  street,  E.  Detroit,  Mich. 

Morley,  H.  T., 

II  Kanter  Bldg.  Residence,  57  Canfield  ave.,  W.  Detroit,  Mich. 

Marshall,  A.  C, 

Electrical  Engineer,  Rapid  Railway  Co. 

Residence,  621  Second  ave.,  Detroit,  Mich. 
Newkirk,  Walter  M., 

Buhl  Malleable  Co.     Residence,  91  Winder  street,  Detroit,  Mich. 
Pierson,  Geo.  S., 

Consulting  Engineer,  Hydraulic  and  Sanitary  Work, 

Kalamazoo,  Mich. 
Pettee,  William  H., 

Professor,  University  of  Michigan,  Ann  Arbor,  Mich. 

Residence,  554  Thompson  street,  Ann  Arbor,  Mich. 
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Pope,  Willard, 

President  Detroit  Bridge  and  Iron  Works. 

Residence,  2)]  Putman  ave.,  Detroit,  Mich. 
Parks,  George  E., 

Mechanical  Engineer,  M.  C.  R.  R..  M.  C.  Car  Shops. 

Residence,  593  W.  Boulevard,  Detroit,  Mich. 
Penton,  John  A., 

Publisher,  The  Foundry,  yj  Buhl  Block. 

Residence,  26  Tuxedo  ave.,  Detroit,  Mich. 
Porter,  George  F., 

Draftsman.  Detroit  Bridge  and  Iron  Works, 

Residence,  170  Twenty-third  street,  Detroit,  Mich. 
Robinson,  George  A., 

Civil  Engineer,  City  Engineer's  Office,  City  Hall. 

Residence,  425  Cass  ave.,  Detroit,  Mich. 
Russell,  Walter  E., 

Vice-President  and  Manager,  Russel  Wheel  and  Foundry  Co. 

Residence,  863  Jefferson  ave.,  Detroit,  Mich. 
Raymond,  Alexander  B., 

Sanitary  Engineer,  Detroit  Board  of  Health,  Health  Office. 

Residence,  91  Prentiss  ave.,  Detroit,  Mich. 
Reid,  E.  S.. 

Mechanical  Engineer,  Northern  Engine  Works. 

Residence,  505  Fourth  ave.,  Detroit,  Mich. 
Rathbone,  Jno.  a.. 

Superintendent  United  States  Heater  Co.,  Detroit,  Mich. 

Russell.  C.  W., 

Superintendent  Russel  Wheel  and  Foundry  Co. 

Residence,  75  Farnsworth  street,  Detroit,  Mich. 
Stewart,  C.  B., 

Civil  Engineer,  Chicago  Union  Traction  Co.,  2521  Kenmore  ave., 
Chicago.  Residence,    Anchor,    111. 

Stephens,  Clarence  M., 

Civil  Engineer,  Alpena. 

Residence,  Sherman  House,  Mt.  Clemens,  Mich. 
Sabin,  L.  C, 

United  States  Assistant  Engineer,  Corps  United  States  Engineers, 
Port  Huron.  Residence,  Detroit,  Mich. 

Sack,  Richard  E., 

Draftsman,  Edison  Illuminating  Co.,  18  Washington  ave. 

Residence,  88  Preston  street,  Detroit,  Mich. 
Smith,  Jesse  M., 

Mechanical  and  Electrical  Engineer,  Room  M  14,  220  Broadway, 
New  York.     Residence,  7  W.  Ninety-second  street.  New  York. 
Scott,  William, 

Superintendent  Roe,  Stephens  Mfg.  Co. 

Residence,  697  Fourteenth  ave.,  Detroit,  Mich. 
Sanderson,  Edmund  L., 

Residence,  43  Alexandrine  ave.,  W.  Detroit,  Mich. 
ToRREY,  Augustus, 

Chief  Engineer,   Michigan   Central   Railway,   Room  31    Michigan 
Central  Depot.     Residence,   174  Henry  street,  Detroit,  Mich. 
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TUTHILL,  G.    C, 

Assistant  Bridge  Engineer,   Micliigan   Central   Railway,   Michigan 
Central  Depot,  Room  74. 

Residence,  107  Horton  ave.,  Detroit,  Mich. 
TiPPEY,  B.  O., 

Mechanical  Engineer,  Detroit  City  Gas  Co. 

Residence,  131  Lafayette  ave.,  Detroit,  Mich. 
Van  Tuyl,  Frank, 

Electrical  Engineer,  Washtenaw  Electric  Co.,  Ypsilanti,  Midi. 

Residence,  324  Forest  ave.,  Ypsilanti,  Mich. 
Wright,  Sidney  B., 

Assistant  Purchasing  Agent,  Michigan  Central  Railroad. 

Residence,  786  Congress  street,  Detroit,  Mich. 
Williams,  E.  E., 

Mechanical  Engineer,  with  W.  R.  Callahan  &  Co.,  E.  Third  street, 
Dayton,  Ohio.         Residence,  229  Grafton  ave.,  Dayton,  Ohio, 
Wrentmore,  C.  G., 

M.  S.,  University  of  Michigan,  Ann  Arbor. 

Residence,  Ann  Arbor,  Mich. 
Wheeler,  E.  S., 

Assistant  Engineer,  United  States  Engineer's  Office,  Jones  Bldg. 

Residence,  76  Delaware  ave.,  Detroit,   Mich. 
WiSNER,  G.  Y., 

Civil  Engineer,  34  W.  Congress  street. 

Residence,  39  W.  Canfield  ave.,  Detroit,  Mich. 
Weil,  Chas.  L., 

Professor  Mechanical  Engineering,   Mechanical   Agricultural   Col- 
lege, Agricultural  College  P.  O.,  Mich. 
Wolfenden,  Hen.  L., 

Civil  Engineer,  with  Gilbert  Wilkes  &  Co., 

1 1 12  Union  Trust  Bldg.,  Detroit,  Mich. 
Whitaker,  H.  E., 

Mechanical  Engineer,  Cor.  Fourth  and  Abbott  Sts. 

Residence,  301    Forest  ave.,   Detroit,   Mich. 
Wilkes,  Gilbert, 

Consulting  Engineer,  with  Gilbert  Wilkes  &  Co., 

1 1 12  Union  Trust  Bldg.,  Detroit,  Mich. 
Williams,  G.  S., 

Professor,  Experimental  Hydraulics.  Cornell  University, 

4  Valentine  Place.  Ithaca,  N.  Y. 
ZiWET,  Alex., 

Professor,  University  of  Michigan,  Ann  Arbor. 

Residence,  644  S.  Ingalls  street,  Ann  Arbor,  Mich. 
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Engineers'  Society  of  Western  New  York. 


Alverson,  Harry  B.,  Mem., 

Superintendent  Cataract  Power  and  Construction  Co., 

Buffalo,  N.  Y. 
Babcock,  C.  E.  p.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Bapst,  Frank  L.,  Mem., 

Contractor,  1348  Main  street,  Buffalo,  N.  Y. 

Bardol,  F.  V.  E.,  Mem., 

Chief  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Bassett,  Geo.  B.,  Mem., 

Manager  Buffalo  Meter  Co., 

2,6^  Washington  street,  Buffalo,  N.  Y. 
Booz,  Horace  Corey,  Mem., 

Assistant  Engineer,  Pennsylvania  Railroad  (S.  W.  Div.), 

433  Prospect  ave.,  Buffalo,  N.  Y. 
Boardman,  Chas.  S.,  Mem., 

Assistant  Engineer,  702  Ellicott  Square,  Buffalo,  N.  Y. 

Brackenridge,  W.  a.,  Mem., 

Engineer,  Cataract  Construction  Co.,  Niagara  Falls,  N.  Y. 

BuscH,  Chas.  V.,  Mem., 

Private  Practice,  Mooney  Bldg.,  Buffalo,  N.  Y. 

BuscH,  Geo.  M.,  Mem., 

Private  Practice,  Mooney  Bldg.,  Buffalo,  N.  Y. 

BuTTOLPH,  H.  T.,  Mem., 

Deputy  Chief  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Caines,  Albert  W.,  Assoc. 

15  Waverly  street,  Buffalo,  N.  Y, 
Carlton,  Nevvcomb,  Mem., 

Director  of  Works,  Pan-American  Exposition, 

Service  Bldg..  Buffalo,  N.  Y. 
Clahan,  John  J.,  Mem., 

Superintendent  Buffalo  Gas  Co., 

133  Whitney  Place,  Buffalo,  N.  Y. 
Clark,  Henry,  Mem., 

Contractor,  794  Auburn  avenue,  Buffalo,  N.  Y. 

Cornell,  Douglas,  Mem., 

Structural  Engineer,  Bureau  of  Buildings, 

Municipal  Bldg.,  Buffalo,  N.  Y. 
Dark,  Samuel  J.,  Assoc, 

93  Windsor  ave.,  Buffalo,  N.  Y. 
Davis,  Chas.  Henry,  Mem., 

Private  Practice,  99  Cedar  street,  Buffalo,  N.  Y. 

Decrow,  David  Augustus,  Mem., 

Designing  Engineer  for  Holly  Manufacturing  Co.,  Lockport,  N.  Y. 
Diehl,  George  C,  Mem., 

Private  Practice,  836  Ellicott  Square,  Buffalo,  N.  Y. 
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EiGHMY,  Lee  W.,  Mem., 

Assistant  and  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Ellsworth,  John  P.,  Mem., 

Private  Practice,  Franklin  and  Eagle  streets,  Buffalo,  N.  Y. 

Fell,  Charles  F.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y, 
Fields,  S.  J.,  Mem., 

Chief  Engineer,  Pan-American  Exposition, 

Service  Bldg.,  Buffalo,  N.  Y. 
Foster,  Horatio  A.,  Mem., 

Consulting  Engineer,  310  Chestnut  street,  Philadelphia,  Pa. 

Franklin,  James,  Jun., 

699  Seventh  street,  Buffalo,  N.  Y. 
Franklin,  William,  Jr.,  Assoc, 

699  Seventh  street,  Buffalo,  N.  Y. 
Fruaff,  Geo.  Ph.,  Mem., 

Leveler,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Gardiner,  Mathew  S.,  Jun., 

144  Seventh  street,  Buffalo,  N.  Y. 
Gaskin,  E.  F.,  Mem., 

Superintendent  Union  Dry  Dock  Co., 

Ganson  street,  Buffalo,  N.  Y. 
GoRHAM,  Marvine,  Mem., 

Buffalo  Bolt  ;  nd  Nut  Works, 

250  Elmwood  avenue,  Buffalo,  N.  Y. 
Guthrie,  E.  B.,  Mem.. 

Chief  Engineer,  Grade  Crossings  Commission, 

436  EUicott  Square,  Buffalo    N.  Y. 
Hammond,  Richard,  Mem., 

President  Lake  Erie  Engineering  Works, 

Perry  street,  Buffalo,  N.  Y. 
Harrower,  H.  C,  Mem., 

Iron  and  Steel  Contractor,  35  Court  street,  Buffalo,  N.  Y. 

Haven,  W.  A.,  Mem., 

Inspecting  Engineer,  Erie  Railroad, 

Erie  R.  R.  Depot,  Buffalo,  N.  Y. 
Herron,  John  T.,  Mem., 

Engineer,  Buffalo  Gas  Co.,  248  Prospect  avenue,  Buffalo,  N.  Y. 

Hill,  H.  AL,  Mem., 

City  Chemist,  University  of  Buffalo,  Buffalo,  N.  Y. 

Hoffman,  A.  W.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
HoucK,  Wm.  C,  Mem., 

Member  of  firm,  Buffalo  Structural  Steel  Works, 

97  High  street,  Buffalo,  N.  Y. 
Hubbell,  Geo.  S.,  Mem., 

Corps  of  Engineers,  U.  S.  A.,         Adjuntas,  Porto  Rico,  U.  S.  A. 
Huntington,  Emmet  W.,  Assoc, 

Contractor,  666  Main  street.  East  Rochester,  N.  Y. 
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Humbert,  W.  S.,  Mem., 

Sears-Humbert  Cement  Co., 

432  Prudential  Bldg.,  Buffalo,  N.  Y. 
Johnson,  Wallace  C,  Mem., 

Niagara  Falls  Power  Co.,  Niagara  Falls,  N.  Y. 

KiELLAND,  S.  M..  Mem., 

Civil  Engineer,  Buffalo  Creek  Railroad, 

351  Humboldt  Parkway,  Buffalo,  N.  Y. 
Knapp,  L.  H.,  Mem., 

Assistant  Superintendent  and  Engineer,  Bureau  of  Water, 

Municipal  Bldg.,  Buffalo,  N.  Y. 
Knighton,  John  A.,  Mem., 

Assistant  Engineer,  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,  N.  Y. 
Lewis,  Clarence  Chas.,  Mem., 

Engineer  of  Way,  Buffalo  Railway  Co.,  Buffalo,  N.  Y. 

LuFKiN,  E.  C,  Mem., 

Manager  Snow  Steam  Pump  Works. 

150  W.  North  street,  Buffalo,  N.  Y. 
March,  H.  J.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Marsh,  George  E..  Jun., 

108  Plymouth  ave.,  Buffalo,  N.  Y. 
Martin,  Dr.  T.  J.,  Assoc, 

Rep.  Buffalo  Branch  N.  Y.  Electric  Vehicle  and  Trans.  Co., 

279  North  street,  Buffalo,  N.  Y. 
McCulloh,  Walter,  Mem., 

Private  Practice,  Crick  Block,  Niagara  Falls,  N.  Y. 

Meyer,  Carl,  Mem., 

Member  of  firm,  Buffalo  Bridge  Works, 

P.  O.  Box  170,  Buffalo,  N.  Y. 
Morse,  Chas.  M.,  Mem., 

Mechanical  Engineer,  Erie  Bank  Bldg.,  Buffalo,  N.  Y. 

Morse,  Geo.  Fred'k,  Mem., 

21  Columbus  Place,  Buffalo,  N.  Y. 
Marburg,  Louis,  Assoc, 

Contractor,  264  Hoyt  street,  Buffalo,  N.  Y. 

Mosier,  Chas.,  Assoc, 

Contractor,  1266  Seneca  street,  Buffalo,  N.  Y. 

Norton,  Geo.  H.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Patch,  Maurice  B.,  Mem., 

Buffalo  Smelting  Works,  i  Austin  street,  Buffalo,  N.  Y. 

Powell,  S.  W.,  Mem., 

679  Auburn  avenue,  Buffalo,  N.  Y. 
Rogers,  Thos.  J.,  Mem., 

Engineer,  Park  Department,  1322  Prudential  Bldg..  Buffalo,  N.  Y. 
Ricker,  Geo.  A.,  Mem., 

Private  Practice,  702  Ellicott  Square,  Buffalo,  N.  Y. 

Roberts,  Geo.  T.,  Mem., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
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RocKwooD,  A.  J.,  Mem., 

Division  Engineer,  N.  Y.  State  Canals,  Rochester,  N.  Y. 

SiKES,  G.  R.,  Mem., 

Private  Practice,  957  EUicott  Square,  Buffalo,  N.  Y. 

Smith,  T.  Guilford,  Mem., 

Vice-President  N.  Y.  Car  Wheel  Works, 

9  German  Insurance  Bldg.,  Buffalo,  N.  Y. 
SORNBERGER,  E.  C,  Mem., 

Snow  Steam  Pump  Works,     208  Lancaster  avenue,  Buffalo,  N.  Y. 
Speyer,  F.  N.,  Mem., 

Assistant  Engineer,  Grade  Crossings  Commission, 

436  Ellicott  Square,  Buffalo,   N.  Y. 
SvMONS,  Thos.  W.,  Hon.  Mem., 

Major  of  Engineers,  U.  S.  A.,  Morgan  Bldg.,  Buffalo,  N.  Y. 

Teiper,  Casper,  Mem., 

Member  of  firm,  Buffalo  Structural  Steel  Works, 

24  Briggs  avenue,  Buffalo,  N.  Y. 
Tresise,  F.  J.,  Mem., 

Draftsman,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
TuTTON,  C.  H.,  Mem., 

Engineer.  Grattan  &  Jennings,        Ft.  Main  street,  Buffalo.  N.  Y. 
Vanderhoek,  J..  Mem., 

Division  Engineer,  Lehigh  Valley  Railroad, 

L.  V.  R.  R.  Depot,  Buffalo,  N.  Y. 
Witford,  O.  F.,  Mem., 

Private  Practice,  79  Woodlawn  avenue,  Buffalo,  N.  Y. 

Wilson,  Thos.  Wm.,  Mem., 

Assistant  Engineer,  Buffalo  Railway  Co., 

448  Elmwood  avenue,  Buffalo,  N.  Y. 
Weston,  Alonzo  H.,  Mem., 

Service  Bldg.,  Pan-American  Exposition, 

Care  S.  J.  Fields,  Buffalo,  N.  Y. 
Witmer,  J.  F.,  Mem., 

Civil  Engineer,  705  Ellicott  Square,  Buffalo,  N.  Y. 

Youngs,  Jasper  S.,  Mem., 

831  Seventh  street,  Buffalo,  N.  Y. 
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Louisiana  Engineering-  Society. 


Armstrong,  J.  W.,  Mem., 

Draftsman,  Sewerage  and  Water  Board, 

602  Carondelet  street,  New  Orleans. 
Beer,  S.  T.,  Jun.  Mem., 

Engineering  Supplies,  Baronne,  near  Canal,  New  Orleans. 

Bell,  A.  C,  Mem., 

Civil  Engineer,  Room  20  Denegre  Bldg.,  New  Orleans. 

Benson,  Robt.  B.,  Mem., 

Assistant  Engineer,  Drainage  Commission, 

City  Hall,  New  Orleans. 
Black,  A.  L.,  Mem., 

Engineer  St.  Charles  Street  Railroad  Co, 

2300  Decatur  street.  New  Orleans. 
Blakemore,  a.  B.,  Mem., 

General  Manager  C.  C.  Stock  Yard  and  Slaughter  House  Co., 

New  Orleans. 
Blanchin,  Geo.,  Mem., 

Contractor,  316  Baronne  street.   New   Orleans. 

Brown,  L.  W.,  Mem., 

Civil  an     Mechanical  Engineer, 

741  Carondelet  street,  New  Orleans. 
Brownlee,  Jas.  L.,  Mem., 

United  States  Assistant  Engineer, 

Custom  House  Bldg.,  New  Orleans. 
Calongne,  Sidney  A.,  Assoc.  Mem., 

Paving  Contractor,  806  Perdido  street.  New  Orleans. 

Camors,  Frederic,  Assoc.  Mem., 

Dredge  Contractor,  505  Tchoupitoulas  street,  New  Orleans. 

Chamberlin,  C.  H.,  Mem., 

Resident  Engineer,  Texas  and  Pacific  Railroad, 

106  Thalia  street.  New  Orleans., 
Clegg,  Judge  Jno.,  Assoc.  Mem., 

Attorney-at-Law,  814  Hennen  Bldg.,  New  Orleans. 

Coleman,  J.  F.,  Mem., 

Civil  Engineer,  Firm  of  Coleman  &  Malochee, 

121  Carondelet  street.  New  Orleans. 
Crotts,  Wm.  T.,  Mem., 

Assistant  Engineer,  Sewerage  and  Water  Board,       New  Orleans. 
Davis,  Chas.  Henry,  Mem., 

Consulting  Engineer,  99  Cedar  street.  New  York  city. 

De  Buys,  R.  E.,  Mem., 

Civil  and  Architectural  Engineer, 

421  Carondelet  street.  New  Orleans. 
D'Heur,  Allard,  Mem., 

Engineer,  Southern  Pacific  Railroad,  Wumemucca,  Nev. 

Duval,  A.  C,  Mem., 

Chief  Draftsman,  State  Board  of  Engineers,  New  Orleans. 

Earl,  Geo.  G.,  Mem., 

General  Superintendent,  Sewerage  and  Water  Board, 

602  Carondelet  street.  New  Orleans. 
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IvxsTWoon,  John   T.,   Mi'in., 

Assistant  luiginecr.  Sewerage  and  Water  Board, 

602  Carondelet   street.   New   Orleans. 
Fl.w.ac.w,  p.  J.,  Assoc.  Mem., 

Building  Inspector,  City  Engineer's  Office,  New  Orleans. 

1'kawi.ev,  J  no.  J.,  Assoc.  Mem., 

Contractor.  .^15  Carondelet  street.  New  Orleans. 

(iiisiiicNS,  W'li.i..  J.,  Mem.. 

(iihhens  &  Stream,   Sugar  .Machinery. 

213  Carol  street,  New  Orleans, 
(ioitc  ii.\ux,  Jlles,  Assoc.  Mem., 

Planter.  Raceland,  La. 

CIk.vsser,  E.  a.,  Assoc.  ]\Iem., 

Contractor,  1306  Seventh  street.  New  Orleans. 

I  Iakukk.  W'm.  J.,  Mem., 

City  Engineer.  City  Hall,  New  Orleans. 

II.VRRi.soN,  G.  B..  .Mem.. 

Division  Superintendcnl,  Bridges  and  Buildings,  Texas  and  Pacific 
Railroad  Co.,  Boyce,  La. 

II  AKKoi),  Maj.  B.  M.,  Mem. 

Chief  Engineer,  Drainage  Conmiission,        City  Hall,  New  Orleans. 
1  Iai(;h,  Jas.  C,  Mem.. 

Resident  Engineer,  New  Orlean>  and  Northeastern  Railroad  Co., 
Press  and  Levee  streets,  New  Orleans. 
Hav(;ooi),  Geo.  L.,  Mem., 

Civil    Engineer,  921    St.    Louis    street,    New    Orleans. 

I  lAzi.EiirRST.  J.  M..  Mem., 

Civil    P^ngineer,  (x)6   Conunercial   Place,    New   Orleans. 

HoFKMA.N'^  Wai.tp:r  H..  ^lem.. 

Secretary  State  Board  of  Engineers, 

Cotton  Exchange  Bldg.,  New  Orleans. 
Hvatt,  E.  C,  Mem., 

Inspector,    Drainage   Commission,  City    Hall,    New   Orleans. 

Ivv,  Ernest  D.,  Mem., 

Engineer  and  .Agent,  Heine  Boiler  Co., 

Godchaux  Bldg.,  New  Orleans. 
J.VNCKE,  Er.nest  Lee,  Mem. 

Superintendent  Jancke  Na\igation  Co., 

816  Howard  ave..  New  Orleans. 
Kerr,  Fr.'VNk  ]\I.,  ^lem., 

Civil  Engineer.  Cotton  Exchange  Bldg.,  New  Orleans. 

KiRKi.AND,  W.  C,  Mem., 

.-Assistant   Engineer,    Drainage   Conmiission, 

City  Hall,  New  Orleans. 
Ki.oRER,  J.xo.^  .Mem.. 

.Assistant  Cnited  ."itates  Engineer. 

1810  Dumaine  street.  New  Orleans. 
I.A.MHERT,  E.  L.,  Mem., 

.Assistant  Engineer,  Drainage  Commission, 

City  Hall,  New  Orleans. 
La  WES,  G.  W.,  ^lem., 

-Assistant  Draftsman.  .State  Board  of  Engineers, 

Cotton  Exchange.   New  Orleans. 
1 1 
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Lewis,  S.  F.,  Mem..^ 

Assistant  State  Engineer,  Cotton  Exchange,  New  Orleans. 

Lion,  L.  E.,  Mem., 

Civil  Engineer,  loio  Burgun  'y  street,  New  Orleans. 

Llewellyn,  F.  P.,  Mem., 

Engineer  of  Gillettc-Herzog  Mfg.  Co., 

Room  1012  Hennen  Bldg.,  New  Orleans. 
LocKETT,  A.  M.,  Alem., 

A.  M.  Lockett  &  Co.,  Contracting  Mechanical  Engineers, 

339  Carondelet  street.  New  Orleans. 
LoMB.\RD,  Gervais,  Mem., 

Engineer,  Orleans  Levee  Board, 

S37   St.  Charles  street.   New  Orleans. 
]\Ialochee,  H.  J.,  Jilem.. 

Mechanical  Engineer  and  Electrical  Engineer,  Firm  of  Coleman  & 
Jklalochee.  I2i   Carondelet  street.   New  Orleans. 

Manning,  Jos.  E.,  Assoc.  Mem., 

Contractor,  Room  306  Hennen  Bldg.,  New  Orleans. 

MiDDLEMiss,  Geo.  A.,  Mem., 

Assistant  Engineer,  New  Orleans  Drainage  Commission, 

City  Hall,  New  Orleans. 
Mullen,  F.  P.,  Assoc.  Mem., 

General  Manager,  Barber  Asphalt  Paving  Co., 

Hennen  Bldg.,  New  Orleans. 
McCarkendale,  Wm.,  Mem., 

Chief  Engineer,  Edison  Electric  Co., 

317  Baronne  street,  New  Orleans. 
McKiNNEY,  E.  B.,  Mem., 

Chief  Engineer  New  Orleans  City  Railroad  Co.  Power  House. 

15 15    Constance   street,    New   Orleans. 
Nelson,  A.  J.,  Mem., 

Manager  New  Orleans  Roofing  and  Metal  Works, 

701  L.  and  L.  and  G.  Bldg.,  New  Orleans. 
Ordway,  John  M.,  ]\lem., 

Civil  Engineer,  3125  Chestnut  street,  New  Orleans. 

Perrilliat,  Arsene,  Mem., 

Assistant  State  Engineer,      Cotton  Exchange  Bldg.,  New  Orleans. 
Ray'MOND,  Alfred,  Mem., 

General  Manager.  New  Orleans  Drainage  Commission, 

City  Hall,  New  Orleans. 
Raymond,  Chas.  L.,  Mem.. 

First  Assistant  Engineer,  Drainage  Commission, 

City  Hall,  New  Orleans. 
Richardson,  Maj.  Henry  B.,  Mem., 

Chief  State  Engineer  of  Louisiana, 

Cotton  Exchange  Bldg.,  New  Orleans. 
Richardson,  John  F.,  Mem., 

Assistant  Engineer,  Sewerage  and  Water  Board, 

602  Carondelet  street.   New  Orleans, 
Robertson,  Marshall  P.,  Mem.. 

Assistant  State  Engineer.      Cotton  Exchange  Bldg.,  New  Orleans. 
Samson,  P.  H.    Mem.. 

New  Orleans  W^ood  Preserving  Works, 

3907  Magazine  street.  New  Orleans. 
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Smith,  Wkigiit,  Mom., 

Assistant  City  Engineer,  City  Hall,  New  Orleans. 

Stkwart,  Huntkr.  Mem., 

Civil  Engineer,  218  Bourbon  street.  New  Orleans. 

TiiK.vRD,  A.  P..  ]\Iem.. 

Assistant  Engineer,  Drainage  Commission. 

City  Hall.  New  Orleans. 
Thompson,  H.  B.,  Mem., 

Assistant  Stale  Engineer,      Cotton  Exchange  Bldg.,  New  Orleans. 
TuTWiLER,  T.  H.,  Mem., 

Engineer,  Now  Orleans  and  Carrollton  Railroad  Co., 

L.  and  L.  and  G.  Bldg.,  New  Orleans. 
\''iLi.ERF.,  St.  Dexis  J.,  Mem., 

Electrical  and  Mechanical  Engineer, 

2139  Dauphine  street.   New  Orleans. 
Vox  Phul,  \Villi.\m,  Mem.. 

Superintendent  Edison  Electric  Co., 

317  Baronne  street.  New  Orleans. 
\\'.\ni)ii.L,  F.  H.,  Mem., 

Civil  Engineer  of  Daney  &  Waddill. 

Masonic  Temple,  New  Orleans. 
White,  E.  P.,  ]Mem., 

Superintendent  of  Estate  of  S.  L.  James, 

601   Hennen  Bldg.,  New  Orleans. 
White,  W^  M..  Mem.. 

Assistant  General  Manager.  New  Orleans  Drainage  Conunission. 

City  Hall,  New  Orleans. 
White,  W.  S.,  ^^lem.. 

Engineer,  Hunter  Canal  Co.,  Le  Roy,  La. 

WiLLARD,  Ben.,  Mem., 

Electrical  Engineer  and  Manager  General  Electric  Co.. 

gi"  Hennen  Bldg.,  New  Orleans. 
WiLLoz,  Victor  L.,  Mem.. 

Superintendent  Orleans   Railroad   Co., 

1 1 18  Marais  street.  New  Orleans. 
Wright,  W.  B.,  Mem., 

Assistant  Engineer,  Drainage  Commission, 

City  Hall,  New  Orleans. 
Zaxder,  Hexry  L.,  Mem., 

Draftsman,  New  Orleans  Drainage  Commission, 

Citv  Hall,  New  Orleans. 
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Anderson,  Latham,  Hon.  ]Mem., 

Civil  Engineer.  Kuttawa,  Ky. 

Baird,  Samuel  P.,  Act.  Mem., 

Superintendent  Portsmouth  Street  R.  R.  and  Light  Co.. 

Portsmouth,  Ohio. 
Baldwin,  Bert  L.,  Act.  j\Iem., 

IMechanical  Engineer.  jz  Perin  BIdg.,  Cincinnati,  Ohio. 

Baldwin,  Hadley,  Act.  Mem., 

Engineer  Maintenance  of  Way.  Cleveland,  Cincinnati,  Chicago  and 
St.  Louis  Railway,  Indianapolis.  Ind. 

Baldwin,  Ward,  Act.  Mem.. 

Consulting  Engineer.  64  Mitchell  Bldg..  Cincinnati.  Ohio. 

Birch,  Thos.  H.,  Act.  Mem., 

Engineer  and  Assistant  Manager  Stacey  Mfg.  Qo., 

239  Mill  street,  Cincinnati,  Ohio. 
Birch,  Wm.  W.,  Act.  Mem.. 

Assistant  Engineer  Stacey  Mfg.  Co., 

239  Mill  street,  Cincinnati,  Ohio. 
BoGEN,  Louis  E.,  Act.  Mem., 

Instructor  in  Physics.  LTniversity  cf  Cincinnati. 

547  Hale  ave..  Avondale,  Cincinnati.  Ohio. 
Bouscaren,  G.,  Act.  Mem., 

Chief    Engineer.    Board    of    Trustees.    Commissioners    of    Water 
Works,  City   Hall.   Cincinnati.   Ohio. 

Breckinridge.  Cabell,  Act.  Mem., 

Civil  Engineer,  Danville,  Ky. 

Bryan,  R.  A.,  Act.  Mem., 

Civil  Engineer,  Portsmouth,  Ohij. 

Caldwell,  J.  Nelson,  Act.  Mem., 

U.  S.  Assistant  Engineer,  Custom  House,  Cincinnati.  Ohio. 

Carlisle,  John,  Act.  Mem.. 

Carlisle  Bldg.,  Cincinnati,  Ohio. 
Carpenter,  E.  J.,  Act.  Mem., 

U.  S.  Assistant  Engineer,  Custom  House,  Cincinnati.  Ohio. 

Carroll,  Eugene,  Act.  Mem.. 

Constructing  Engineer  and  Superintendent  Butte  City  Water  Co., 

Butte,  Mont. 
Coney,  W.  W.,  Assoc.  Mem., 

Dealer  in  Cement,  etc.,  1434  Main  street,  Cincinnati,  Ohio. 

CowPER,  John  W.,  Act.  Mem., 

Engineer    Maintenance    of    Way,    Cleveland,    Cincinnati.    Chicago 
and  St.  Louis  Railway,  Mattoon,  111. 

Cox,  Allan,  Act.  Mem., 

Civil  Engineer,  Covington,  Ky. 

Creaghead,  Thos.  J.,  Act.  Mem., 

President  and  General  Manager  Creaghead  Engineering  Co., 

802  Plum  street,  Cincinnati,  Ohio. 
Davis,  Chas.  H.,  Act.  Mem., 

Civil  Engineer,  99  Cedar  street,  New  York,  N.  Y. 
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Devereux,  H.,  Act.  Mem.. 

Resident  Engineer  Baltimore  and  Ohio  Southwestern  Ry., 

North  Vernon,  Ind. 
DiEMER,  Hugo,  Act.  Mem,, 

Professor  M.    E..   Michigan   Agricultural   College, 

Agricultural  College  P.  O.,  Mich. 
Do.^NE,  Wm.  H.,  Act.  Mem.. 

President  Central  Trust  and  Safe  Deposit  Co.. 

.Albany  Bldg.,  Cincinnati,  Ohio. 
Dreses,  Henry,  Act.  Mem.. 

Dreses,  Mueller  &  Co.,  Mfrs.  of  Machine  Tools, 

2261  Buck  street,  Cincinnati,  Ohio. 
Elzner,  A.  O..  Act.  Mem., 

Architect,  18  E.  Fourth  street,  Cincinnati,  Ohio. 

Engle,  Robert  L.,  Act.  Mem., 

Civil  Engineer,  1530  Westminster  ave.,  Cincinnati,  Ohio. 

EwiNG,  Ch.vs.  a.,  Act.  Mem., 

Missouri,  Kansas  and  Texas  Railroad,       New  Braunfield,  Texas. 
Fai.es,  Fr.-\nk  L.,  Act.  Mem., 

Assistant  Engineer   Board  of  Trustees,   Commissioners  of  Water 
Works,  City  Hall,  Cincinnati,  Ohio. 

Fenton.  B.  W..  Act.  Mem., 

Superintendent  Findlay.  Ft.  Wayne  and  Western  R.  R., 

Findlay,  Ohio. 
Flinn,  Estus  T.,  Act.  ]Mem., 

Road  Master   Southern   Pacific   Ry.   Co.,  Tucson,   Ariz. 

Fr.-\nk,  Alfred,  Act.  Mem., 

Montana  Ore  Purchasing  Co.,  Butte,  Mont. 

Fritch,  L.  C,  Act.  Mem., 

Superintendent  O.  and  M.    Division,   Baltimore  and  Ohio   South- 
western  Railway.  Washington,    Ind. 
Fritsch,  Jos.  L.,  Act.  Mem., 

Draftsman,  Chief  Engineer's  Office,  Board  of  Trustees,  Commis- 
sioners of  Water  Works,  City  Hall,  Cincinnati,  Ohio. 
G.\rr.\rd,  Jeptha,  Assoc.  Mem., 

Attorney-at-Law,  407  Johnston  Bldg.,  Cincinnati,  Ohio. 

GuLDFOGLE,  D.-wiD,  Act.  Mem., 

Civil  Engineer,  Dennison  Hotel,  Cincinnati,  Ohio. 

Gordon,  C.  M.,  Act.  Mem., 

County  Surveyor,  Brown  county.  Georgetown,  Ohio. 

Gr.w,  Geo.  A.,  Act.  Mem., 

Manufacturer  of  Machine  Tools, 

Gest  and  Depot  streets,  Cincinnati,  Ohio. 
Green,  Wm.  C.  Assoc.  Mem., 

Alanager  Warren,  Webster  &  Co.,  and  O.  H.  Jewell  Filter  Co., 

42  Perin  Bldg.,  Cincinnati,  Ohio. 
H.\ucK,  Albert  L.,  Act.  Mem., 

Secretary  and  Treasurer  The  Manss  Shoe  Mfg.  Co., 

709  Sycamore  street,  Cincinnati,  Ohio. 
HoBART,  J  AS.  C,  Act.  Mem., 

Secretary  and  Manager  Triumph  Electric  and  Ice  Machine  Co., 

610  Baymiller  street,  Cincinnati,  Ohio. 
HiLLER,  John  A.,  Act.  Mem., 

Assistant  Engineer.  Board  of  Trustees,  Commissioners  of  Water 
Works,  2545  Eastern  ave.,  Cincinnati.  Ohio. 
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HosBROOK,  J.  A..  Act.  Mem., 

Civil  Engineer,  429  Pike  Bldg..  Cincinnati,  Ohio. 

Innes,  H.  C,  Act.  Mem., 

Superintendent   Warren-Scharf   Asphalt    Paving  Co.,  64  Blymyer 
Bldg.,  Cincinnati,  Ohio,  or  Hartwell,  Ohio. 

Jewett,  Wm.  C,  Act.  Mem., 

Resident  Engineer,  Board  of  Trustees,  Commissioners  of  Water 
Works,  541  Ridgeway  ave.,  Cincinnati,  Ohio. 

KiTTREDGE,  Geo.  W.,  Act.  Mem., 

Chief  Engineer  Cleveland,  Cincinnati,  Chicago  and  St.  Louis  Ry., 

Cincinnati,  Ohio. 
Knowlton,  Chas.  a.,  Act.  Mem., 

United  States  Resident  Engineer,  Guantanamo,  Cuha. 

Koch,  H.  A.,  Act.  Mem., 

S.  and  R.  R.  V.  R.  R.,  Shreveport,  La. 

Laidlaw,  Walter,  Act.  Mem.. 

President    Laidlaw  Dunn-Gordon    Co.,    Steam    Power   and    Hand 
Pumps,  Mill  and  Factory  Supplies. 

Pearl  and  Plum  streets,  Cincinnati,  Ohio. 
Lane,  H.  M.,  Act.  Mem., 

President  Lane  &  Bodley  Co.,  Iron  Founders,  Engine,  Boiler  and 
Saw  Mill  Builders,  Cincinnati,  Ohio. 

LiETZE,  Ernst,  Act.  Mem., 

Mechanical  Engineer,  13  Longworth  street,  Cincinnati,  Ohio. 

Lilly,  James  A.,  Act.  Mem., 

Engineer  and  Road  Master  Cincinnati,  Lebanon  and  Northern  Ry., 

Cincinnati,  Ohio. 
McAvoY,  Irving,  Act.  Mem., 

Southern  Pacific  Company,  Gila  Bend,  Ariz. 

Meeds,  C.  H.,  Act.  Mem., 

Assistant  IJ.  S.  Engineer,         518  Walnut  street,  Cincinnati,  Ohio. 
Miller,  Clifford  N.,  Act.  Mem., 

Assistant  Engineer,  Board  of  Trustees,  Commissioners  of  Water 
Works,  City  Hall,  Cincinnati,  Ohio. 

Mitchell,  F.  S.,  Act.  Mem., 

Engineer  for  R.  M.  Quigley  &  Co.,  Contractors,  California,  Ohio. 
Morris,  Frank  E.,  Act.  Mem., 

Assistant  Engineer,  Board  of  Public  Service,  City  Hall, 

or  2846  Harrison  ave.,  Cincinnati,  Ohio. 
Nicholson,  G.  B.,  Act.  Mem., 

Chief  Engineer  Cincinnati,  New  Orleans  and  Texas  Pacific  Ry.  Co., 

530  Garrard  street,  Covington,  Ky. 
OsBORN,  S.  J.,  Jr.,  Assoc.  Mem., 

Roofing,  Paving  and  Sidewalk  Contractor, 

Pearl  and  Eggleston  ave.,  Cincinnati,  Ohio. 
Retry,  Alfred,  Act.  Mem., 

Resident  Engineer,  Board  of  Trustees,  Commissioners  of  Water 
Works,  California,  Ohio. 

Pfister,  Herman,  Assoc.  Mem., 

Instrument  Maker,  428  Plum  street,  Cincinnati,  Ohio. 

PuNSHON,  Thos.  B.,  Act.  Mem., 

Civil  Engineer  and  Surveyor,  Glenn  Bldg.,  Cincinnati,  Ohio. 

Rabbe,  J.  A.,  Act.  Mem., 

Civil  Engineer,  404  Pike  Bldg.,  Cincinnati,  Ohio. 


f.x(;ix1':krs-  ciai!  of  cincixxati.  83 

RAxnoLPii,  Epes,  Act.  Mem.. 

Division  Superintendent  Southern  Pacific  Co.,  Tucson,  Ariz. 

Read,  Rout.  L.,  Act.  Mem., 

Civil  Engineer,  32  East  Third  street,  Cincinnati,  Ohio. 

RuGGLES,  W.  B.,  Act.  Mem., 

Assistant  Engineer,  Department  Western  Cuha,       Matanzas,  Cuba. 
Scarborough,  F.  W.,  Act.  Mem., 

Signal  Engineer  Chesapeake  and  Ohio  Ry.,  Richmond,  Va. 

ScHREiBER,  Charles  C,  Assoc.  Mem., 

Vice-President   and   General   Manager   L.    Schrciber  &   Sons   Co., 
Mfrs.  of  Architectural  Iron  Works, 

Eighth  street  and  Eggleston  ave.,  Cincinnati,  Ohio. 
SiEFERT,  Frank  J.,  Act.  Mem., 

Engineer  Department  Board  of  Public  Service, 

City  Hall,  Cincinnati,  Ohio. 
Stanley,  H.  J.,  Act.  Mem., 

Chief  Engineer,  Board  of  Public  Service, 

City  Hall,  Cincinnati,  Ohio. 
Stewart,  Jas.  A.,  Act.  Mem., 

Civil  Engineer.  517  Johnston  Bldg.,  Cincinnati,  Ohio. 

Stuart,  A.  A.,  Act.  Mem.. 

Engineer  and  Manager  for  M.  T.  Davis,  construction  of  Substruc- 
ture Quebec  Bridge,  Sillcry  P.  O.,  Canada. 
Totten,  a.  I.,  Act.  Mem., 

Civil  Engineer,  30  Woodland  ave.,  Lexington,  Ky. 

Totten,  W.  H.  D..  Assoc.  Mem., 

Resident  Agent  for  Carnegie  Steel  Co.,  Lim.,  Pittsburg,  Pa., 

Neave  Bldg.,  Cincinnati,  Ohio. 
Venable,  M.  W.,  Act.  Mem., 

Civil  Engineer,  56  Capitol   street,  Charleston,  W.  Va. 

Venable,  W.  M..  Act.  Mem., 

With  National  Contracting  Co.,        11  Broadway,  New  York,  N.  Y. 
Walsh,  M.,  Assoc.  Mem., 

Superintendent  Bridges  and  Buildings,  C,  N.  O.  and  T.  P.  Ry.  Co., 

Somerset,  Ky. 
Walter,  Harrison  B.,  Act.  Mem., 

General  Contractor,  Box  32,  Danville,  111. 

Warder,  R.  H.,  Assoc.  Mem., 

410  W.   Eighth  street,   Cincinnati,   Ohio. 
Warrington,  H.  E.,  Act.  Mem., 

Assistant   Engineer,   Cincinnati,   New   Orleans  and  Texas   Pacific 
Ry.  Co.,  Odd  Fellows'  Temple.  Cincinnati,  Ohio. 

White,  I.  F.,  Act.  Mem., 

Superintendent   Track   and   Structures,   Cincinnati,   Hamilton  and 
Dayton   Ry.,  Hamilton,   Ohio. 

Wilson,  C.  A..  Act.  Mem., 

Chief  Engineer,  Cincinnati,  Hamilton  and  Dayton  Ry., 

Carew  Bldg..  Cincinnati,  Ohio. 
Wilson,  J.  F..  Act.  Mem., 

Chief  Clerk,  Engineer  Depr.rtment.  Board  c^f  Trustees,  Commis- 
sioners of  Water  Works,  City  Hall,  Cincinnati,  Ohio. 
Wrampelmeier,  F.  W.,  Act.  Mem., 

Chicago  and   Alton   Railroad,  Bloomington,    111. 

WuLFF,  Adolph  G.,  Act.  Mem., 

Engineer  with  Joslin.  Schmidt  &  Co.,  Chemical  Engineers. 

Spring  Grove  ave.,  opposite  Bates,  Cincinnati,  Ohio. 
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STOXE  AKCH   BRIDGES  RECENTLY  CONSTRUCTED  ON 
THE  FITCHBURG  RAILROAD. 


By  Albert  S.  Cheever,  Member  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  December  19,  1900.*] 
During  the  fifteen  months  just  past,  five  stone  arch  bridges 
have  been  constructed  on  the  Fitchburg  Railroad.  The  construction 
of  these  arches,  instead  of  steel  bridges,  was  primarily  due  to  the 
high  prices  of  structural  steel  which  prevailed  during  the  year  1899, 
and  to  the  difficulty  of  getting  quick  delivery  after  orders  were 
placed.    The  bridges  were  located  as  follows : 

(a)  One  double  track  railroad  bridge,  having  two  spans  of 
140  feet  each,  carrying  the  Cheshire  Branch  over  the  Connecticut 
River  at  Bellows  Falls,  Vt. 

(b)  One  highw^ay  bridge,  having  two  spans  of  38  feet  each 
and  two  spans  of  14  feet  each,  carrying  New  Street,  in  Fitchburg, 
Mass.,  over  the  Nashua  River. 

(c)  One  highw-ay  bridge,  having  two  spans  of  40  feet  each, 
carrying  Putnam  Street,  in  Fitchburg,  Mass.,  over  the  Nashua 
River. 

(d)  One  double-track  railroad  bridge,  having  two  spans  of 
100  feet  each,  carrying  the  tracks  of  the  Fitchburg  Railroad  over 
the  Hoosick  River  at  Hoosick  Junction,  N.  Y. 

(e)  One  double-track  railroad  bridge,  having  one  span  of  58 
feet,  carrying  the  tracks  of  the  Fitchburg  Railroad  over  the  Tom- 
hannock  River  near  Schaghticoke,  N.  Y. 

The  largest  and  most  interesting  of  these  structures  is  the 
bridge  at  Bellows  Falls.    In  the  latter  part  of  August,  1899,  it  be- 
*Manuscript   received   May   27,    1901. — Secretary,    Ass'n   of   Eng.    Socs. 


2  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

came  evident  that  the  old  wooden  liridge  which  had  carried  trains 
ever  since  the  construction  of  the  Cheshire  Railroad,  was  in  such 
condition  that  immediate  renewal  was  necessary.  The  old  bridge 
(Fig.  i)  was  a  double-track  bridge  of  the  trussed-arch  type,  the 
arches  consisting  of  four  members  of  white  pine,  each  lo  x  i6 
inches  in  section,  the  lower  chord  being  hung  by  rods  from  the  arch 
when  the  latter  was  above  the  chord,  and  supported  on  the  arch 
when  the  arch  was  below  the  lower  chord.  The  old  bridge  was  38 
feet  w^ide  over  all.  For  twenty  years  only  one  track  has  been  used, 
it  having  been  thought  unsafe  to  load  the  middle  truss,  which  was 
apparently  the  same  as  the  outside  trusses,   with  trains  on  both 


Fig.   I.     Old  Bridge  at  Bpxlows  Falls. 

tracks  at  the  same  time.  At  the  time  named,  the  price  of  steel  was 
very  high  and  it  was  impossible  to  get  delivery  of  bridges  until  the 
middle  of  winter. 

Owing  to  the  impossibility  of  erecting  and  maintaining  false 
work  in  the  river  at  that  point  during  the  winter  and  spring,  it  was 
probable  that  if  a  steel  bridge  had  been  ordered  at  once,  it  would 
not  have  been  safe  to  begin  erection  earlier  than  about  the  middle 
of  May,  It  was  also  found  that  stone  arches  for  a  double-track 
l)ridge  could  be  built  for  a  little  more  than  a  single-track  steel 
bridge,  and  for  considerably  less  than  a  double-track  steel  bridge 
would  cost,  and  that  there  would  be  time  to  build  the  arches  before 
cold  weather  set  in.  The  water  m  the  river  was  then  very  low,  and 
there  was  not  much  probaljility  of  a  material  rise  unless  heavy  rains 
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should  (X'cur  durinj^^  the  fall.  For  these  reasons  it  was  deemed  best 
to  build  arches,  and  contractors  were  found  who  were  willing-  and 
ready  to  take  the  risk  of  startinj;-  at  once.  Work  was  begun  on 
September  12th,  on  November  19th  trains  were  running  over  a 
trestle  built  on  the  arclies,  and  on  December  7th  the  masonry  was 
completed.  The  site  of  the  bridge,  which  is  almost  directly  over  the 
falls.  IS  particularly  well  adapted  for  arches,  as  the  bed  and  banks 
of  the  river  are  of  solid  ledge,  and  there  is  a  natural  pier  of  rock  in 
the  middle  of  the  river,  dividing  the  stream  into  two  channels.    The 


Fig.  2.     Xkw  Bkiuce  .\t  Rki.i.ows  F.m.i.s. 


westerly  channel  is  much  deeper  than  the  other,  and  in  dry  weather 
carries  all  the  water.  At  low  water  the  larger  part  of  the  water  in 
the  river  is  held  up  by  the  dam  about  a  quarter  of  a  mile  above  the 
site  of  the  bridge,  and  is  carried  around  through  the  canal  and  the 
mills,  and  is  discharged  into  the  river  channel  a  short  distance  be- 
low the  bridge.  During  all  the  time  of  construction  only  a  small 
amount  of  water  was  passing  under  the  bridge,  so  that  it  w^as  pos- 
sible to  place  all  the  posts  carrying  the  false  work  directly  on  the 
ledge,  the  width  of  the  channel  to  be  spanned  being  only  40  feet. 
Nature  having  already  supplied  the  abutments,  it  was  only  neces- 
sarv  to  bed  the  skewback  stones  in  Portland  concrete  enough  to  till 
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up  the  holes  in  the  rock,  and  give  a  smooth  and  even  bearing.  The 
span  of  the  arches  was  fixed  by  the  natural  conditions,  and  the  rise 
was  hmited  by  the  old  bridge  which  had  to  be  kept  in  place  for  the 
operation  of  trains.  The  arch  ring  was  carried  as  close  as  it  was 
possible  to  lay  stone  under  the  bottom  chord  of  the  bridge,  and,  in 
order  to  work  with  all  possible  rapiditv,  the  outside  trusses  and 
one  track  of  the  bridge,  which  was  a  three-truss  double-track 
bridge,  were  removed.  This  left  only  12  feet  of  the  width  of  the 
arches  under  the  bridge,  and  made  it  possible  to  lay  the  ring  stones 
without  difficulty,  except  a  few  at  the  crown  of  the  arches,  which 
had  to  be  handled  by  tackle  attached  to  the  floor  of  the  bridge.  The 
ring  stones  are  4  feet  thick,  2  feet  wide  and  from  6  to  8  feet  long. 
There  are  72  courses  in  each  arch.  The  stones  are  cut  to  a  ^-inch 
joint  on  the  intrados,  opening  to  2  inches  on  the  extrados.  As  the 
stones  were  laid,  V-shaped  strips  of  wood  were  fitted  between  the 
joints  on  the  in:.-ados,  to  prevent  the  mortar  from  dropping  out. 
The  joints  were  then  filled  with  Portland  cement  mortar,  mixed  one 
part  of  cement  to  two  of  sand,  and  they  were  tnorougmy  tamped 
with  strips  of  3  x  ^-inch  iron  about  4  feet  long,  so  that  every  crevice 
was  completely  filled.  After  this  was  done,  as  many  pinners  of 
stone  as  could  be  put  in  were  forced  into  the  joints.  The  arch  first 
built  was  turned  in  six  days,  the  second  in  four  days.  Considerable 
discussion  arose  as  to  the  probable  amount  of  settlement  which  would 
occur,  and,  to  provide  for  it,  the  centers  were  made  3  inches  high. 
Before  the  rings  were  closed  the  weight  of  the  stone  settled  the 
centers  i  inch,-  but  after  the  centers  w^ere  removed  no  settlement 
whatever  could  be  measured  in  either  of  the  arches.  After  the 
arches  were  turned,  it  was  an  easy  matter  to  build  the  rubble 
masonry  of  the  side  walls,  and  this  was  rapidly  done.  Trains  wxre 
transferred  to  a  single-track  trestle  built  on  the  arches  and  the  re- 
maining part  of  the  old  bridge  was  thrown  into  the  river  bed  and 
burned.  The  centers  were  removed  in  the  latter  part  of  December, 
so  that  they  w^ere  in  place  only  about  a  month  after  the  second  arch 
was  turned.  The  completed  bridge  is  shown  in  Fig.  2  and  in 
Plate  I.    The  dimensions  and  quantities  of  the  w'ork  are  as  follows: 

Span  of  arches  140  feet. 

Rise  of  arches 20   " 

Thickness  of  rings   4    " 

Width  of  arch  sheeting 27    " 

Width  of  bridge  at  track  level 29    " 

Length  of  coping  over  all 414    " 

First-class  masonry 1.443  cu.  yards. 

Third-class  masonry  2,467    "       " 

Timber  in  centers   232  M  feet. 
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At  the  same  time  that  the  nelluws  Falls  arch  was  started,  the 
work  of  abolishing  the  grade  crossings  at  Water  and  l*utnam  Streets 
at  Fitchburg  was  going  on.  The  plan  provided  for  two  steel  bridges 
with  plank  tloors  for  carrying  highways  over  the  Nashtia  River. 
As  there  was  a  strong  desire  among  the  citizens  of  Fitchburg  to 
have  solid  floors  with  granite  paving,  it  was  finally  arranged  to 
substitute  arches  for  the  steel  highw^ay  bridges.  The  high  price  of 
steel  brought  the  cost  of  a  bridge,  heavy  enough  to  carry  a  floor  of 
I-beams  and  concrete  arches,  to  about  that  of  a  stone  arch  bridge. 
The  angle  of  the  crossmg  of  New  Street  (Plate  II)  and  the  river  is 
45°.  and  if  the  skew  arches  had  been  built,  the  cost  would  have  been 


^ 
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Fig.  3.     Bridge  at  Hoosick  Junction. 


prohibitive.  It  seemed  at  first  rather  startling,  and  opposed  to  the 
usual  practice,  to  build  skew  arches  with  tlie  joints  parallel  to  their 
axes,  and  to  cut  olif  the  ends  on  so  great  an  angle,  especially  as  there 
was  only  30  feet  of  the  total  length  of  70  feet  of  the  abutments 
squarely  opposite.  Arches  had  been  built  in  a  similar  manner,  but  no 
case  came  to  notice  where  the  ends  had  been  cut  at  so  great  an  angle. 
Faith  in  the  efficacy  of  Massachusetts  granite  and  Portland  cement 
finally  prevailed,  and  the  arches  were  built  with  joints  made  in  the 
same  manner  as  at  Bellows  F'alls.  As  this  work  caused  consider- 
able comment  among  observers,  the  contractors,  as  soon  as  the  first 
river  arch  was  turned,  before  anv  of  the  backing  and  side  walls  had 
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been  built  and  after  centers  had  been  drawn,  placed  a  hoisting  en- 
gine on  the  keystone  at  one  end  of  the  arch  and  a  derrick  on  the 
other  end,  using  them  to  handle  the  larger  part  of  the  stone  laid  in 
the  second  arch  and  in  the  side  walls.  This  was  a  good  object  les- 
son, and  thoroughly  proved  the  stability  of  the  arch.  When  the 
centers  were  removed  there  was  no  settlement,  and  no  cracks  have 
appeared.  The  span  of  these  arches  is  38  feet,  the  rise  19  feet.  The 
ring  stones  are  2|  feet  thick. 

The  bridge  carrying  Putnam  Street  over  the  river  was  similar 
to  that  at  New  Street,  except  that  the  angle  of  skew  was  much 
smaller,  only  25°.    The  span  of  these  is  40  feet,  the  rise  12^  feet. 


Fig.  4.     Centering  at  IIoosick  Junction. 


The  arch  l)ri(lge  Inult  at  Hoosick  Junction  (Fig.  3  and  Plate 
III)  was  constructed  to  re])lace  a  two-span  iron  bridge  which 
was  too  light  for  the  increased  weight  of  the  engines  now  in 
use.  In  order  to  bring  the  cost  of  a  masonry  bridge  down  to  the 
cost  of  a  new  steel  bridge,  it  w^as  necessary  to  build  the  cheapest 
kind  of  work  that  would  be  sufficient.  Cut  ring  stones  could  not  be 
used,  on  account  of  the  expense,  and  such  good  success  had  resulted 
from  the  use  of  open  joints  tamped  full  of  Portland  cement  mortar 
that  it  seemed  perfectly  safe  and  proper  to  build  a  rubble  arch  in  the 
same  way,  using  large  sheet  stones  just  as  they  were  taken  from  the 
quarry.    The  railroad  company  is  fortunate  m  having,  on  its  line,  a 
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(juarry  in  which  the  scams  arc  regular  and  parallel,  and  so  even  that 
the  natural  beds  of  the  stones  are  almost  j^ood  enou<::^h  for  ashlar 
Avork  without  any  cutting.  All  the  stone  used  in  the  bridge  was 
from  this  quarry.  The  end  ring  stones  alone  were  cut,  all  the  rest 
of  the  arch  sheeting  being  made  of  rough  stone.  The  centers  were 
covered  iightl\-  with  plank  (Fig.  4)  and  the  sheeting  was  set  on  the 
centers  as  closely  as  possible,  all  openings  being  thoroughly  filled 
and  tamped  with  Portland  cement  mortar,  in  the  same  way  as  was 
done  at  Bellows  Falls.  The  result,  after  removing  the  centers,  was 
even  better  than  was  expected,  no  settlement  occurring  and  not  a 
single  crack  appearing  in  any  of  the  masonry.    The  foundations  for 


Fig. 


Bkuh..i:   lAtk    Tu.MH.w.NuL  K    River    at    Schaghticuke. 


this  structure  deserve  some  mention.  Samples  of  material  from 
borings,  to  a  depth  of  30  feet  below  the  bed  of  the  river,  indicated 
that  piles  should  be  driven,  but  this  question  ot  pile  foundations 
was  most  thoroughly  settled  when  the  temporary  pile  bents  were 
driven,  to  carry  the  iron  bridge,  which  was  moved  to  one  side  to 
carry  trains  around  the  work.  The  driving  of  these  piles  showed 
the  difficulty  of  penetrating  the  bed  of  the  river,  and  that  the 
borings  did  not  give  a  proper  idea  of  the  material.  This  was  still 
further  proved  by  the  time  one  of  the  foundation  pits  was  excavated 
to  the  point  where  the  masonry  was  to  start.  The  bottom  was  of 
hard  compacted  gravel,  and  it  became  evident  that  piles  were  un- 
necessarv  and  thev  were  omitted.     The  iron  bridge  was  moved  to 
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one  side  to  allow  room  to  construct  the  arches.  The  bridge  was  on 
a  45°  skew,  and  consisted  of  three  quadruple  lattice  trusses  con- 
tinuous over  the  pier,  placed  9  feet  apart  center  to  center.  The 
bridge  was  250  feet  long,  about  16  feet  deep,  and,  with  the  track 
ties,  which  were  not  removed,  weighed  about  225  tons.  Previous  to 
moving  the  bridge  and  without  any  disturbance  of  traffic,  it  was 
jacked  up  enough  to  remove  the  bed  plates  on  rollers,  so  as  to  pass 
rails  under  the  ends  on  the  centers.  Three  lines  of  heavy  pile 
trestle  were  built,  extending  from  the  masonry  to  the  new  position 
of  the  bridge,  each  of  them  being  capped  with  14  x  14-inch  hard 
pine  timbers  carrying  three  lines  of  rails.  Hitches  were  made  to 
timbers  buried  in  the  ground,  and  to  the  ledge  on  the  other  side  of 
the  river  opposite  the  ends  and  the  center,  and  lines  were  carried 
from  the  bridge  through  two  sets  of  double  blocks  back  to  three 
hoisting  engines.  The  first  pull  moved  the  bridge  about  5  feet,  and, 
as  the  lines  were  so  arranged  that  no  overhauling  of  the  falls  was 
necessary,  the  bridge  could  have  been  moved  over  in  ten  minutes 
had  it  not  been  for  the  trouble  caused  by  rivet  heads  in  the  bottom 
chord  binding  against  the  nuts  in  the  joints  of  the  rails.  It  was  not 
possible  for  the  hoisting  engines  to  pull  equally,  and  the  bridge 
could  be  moved  only  a  few  feet  at  a  time.  It  was  then  stopped  by 
one  end  getting  a  little  ahead  of  the  other,  and  this  caused  the  rivet 
heads  to  bind  against  the  bolts  of  the  rail  joints.  Considerable  time 
was  used  up  in  finding  and  cutting  out  the  rivets  which  were  hold- 
ing the  bridge.  This  was,  of  course,  greatly  increased  by  the  large 
angle  of  skew ;  but,  notwithstanding  the  trouble  caused  by  the  rivet 
heads,  the  bridge  was  in  its  new  position  in  one  hour  and  twenty 
minutes  after  the  first  pull  was  made. 

The  arch  over  the  Tomhannock  River  at  Schaghticoke  (Fig.  5 
and  Plate  IV")  was  built  under  the  middle  span  of  a  three-span  plate 
girder  bridge  and  the  other  two  spans  were  filled  up,  after  removing 
the  old  iron  bridge.  This  arch  was  built  in  the  same  way  as  that  at 
Hoosick  Junction,  and  was  comparatively  a  small  afifair,  the  inter- 
esting point  about  it  being  that  it  enabled  a  bridge  200  feet  long  to 
be  removed  and  a  solid  roadbed  to  be  carried  over  the  river,  and 
that  it  cost  no  more  than  it  would  have  cost  to  renew  the  super- 
structure of  the  bridge  with  new  plate  girders  for  double  track. 
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BERT    S.    CHEEVER,    STONE   ARCH    BRIDGES      PLATE     I 
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ALBERT   S.  CHEEVER,  STONE  ARCH   BRIDGES       PLATE    II 
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ALBERT  8.  CHEEVER.  STONE  ARCH   BRIDGES.      PLATE  IV 
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Bv  James  W.  Rollins,  Jr.,  Member  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  December  19,  1900.*] 

A  PROPERLY  desiiincd  arch  ccnler  must  have  three  vital  quahties : 
>trcng-tli  to  carry  the  weight  of  the  arch  hefore  the  key  is  placed; 
stiffness  in  its  nienil)crs  to  prevent  distortion  under  a  partial  load, 
and  a  foundation  to  start  on.  With  these  conditions  satisfied,  any 
arch  should  l)c  laid  and  should  he  closed  without  trouble. 

In  columns  and  beams  the  question  of  mere  stren.c^th  is  easily 
solved.     That  of  stiffness   is   much   more  difficult.      Necessarily, 


Flo.  I.     Cexterixg  for  a  Flat  Arch. 

centers  are  often  trussed  in  some  way,  and  absolute  rigidity  in  a 
truss  cannot  be  secured  in  practice. 

As  for  foundations,  there  is  always  difficulty  in  getting  such  as 
are  able  to  carry  a  heavy  load  without  any  settlement  whatever. 

The  trouble  of  settlement  from  weakness  of  foundations,  or 
from  lack  of  rigidity  in  frames,  begins  when  the  sheeting  extends 
about  20°  from  the  skewback ;  for,  except  in  very  fiat  arches,  most 
of  the  weight  of  the  first  few  courses  is  carried  by  the  skewback, 
and  very  little  by  the  centers,  so  that  after  some  weight  comes  onto 
the  centers,  their  joints  are  compressed,  and  this  opens  some  of  the 
joints  in  the  masonry  already  laid.     If  the  foundations  are  firm,  this 
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cracking  may  be  avoided,  in  part,  by  using  counter-bracing-  at  the 
first  and  second  "panel  points"  of  ril)s. 

For  small  arches  the  simplest  center  is  a  circular  rib  made  of 
three  pieces  of  2-inch  plank,  laid  with  broken  joints,  all  1)eing  spiked 
solidly  together,  with  a  tie  of  plank  at  the  springing.  On  this,  i-inch 
lagging  is  laid  close.  For  a  larger  arch,  the  circular  rib,  as  above 
described,  with  generally  three  braces,  one  at  center  and  one  on  the 
quarter  at  each  side,  is  used,  the  center  of  the  whole  rib  having  a 
post  under  it.  We  have  used  such  a  center  up  to  30-foot  span  for 
both  brick  and  granite  arches,  carrying  a  30-inch  arch  sheeting. 

The  design  of  a  center  for  larger  arches  depends  upon  local 
conditions,  also  upon  the  relation  of  rise  to  span.     In  flat  arches, 
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Centekinc;  .\t  Bellows  Falls. 


Fig.  I,  with  low  side  walls,  it  is  well  to  use  posts  with  intermediate 
bracing,  on  numerous  supports.  In  a  high  arch  we  may  use  long 
braces  extending  directly  from  a  center  support  to  the  rib,  at  in- 
tervals of  6  feet  to  8  feet. 

In  the  construction  of  the  large  arches  for  the  Fitchburg  Rail- 
road over  the  Connecticut  River  at  Bellows  Falls,  over  the  Hoosick 
River  at  Hoosick  Junction,  and  over  the  Tomhannock  Creek  at 
Schaghticoke,  as  described  in  Mr.  Cheever's  paper,  a  departure 
from  the  usual  method  of  building  the  rib  itself  was  made  with 
excellent  results. 

In  the  Bellows  Falls  arcli  the  weight  on  each  post  was  about 
20  tons,  and  to  carry  this  weight  on  two  pieces  of  timber  bolted  to 


ARCH  CENTERS.  ii 

the  oiul  i)t  iIk'  post  tenoned  duwn  to  receive  tlieni,  like  a  '"g'irder 
caj)"  in  a  railroad  trestle,  seemed  to  be  poor  construction,  unless 
excessively  Ik.ivv  timber  was  used,  and  unless  most  careful  jointing 
was  done  to  distribute  the  weight  evenly  over  the  whole  of  the 
bearing-  surfaces.  The  method  of  building  ril)s  for  this  center,  140 
feet  span,  jo  feet  rise,  was  as  follows :  A  platform  was  built  in 
an  open  sj^ace,  2=^  x  80  feet,  the  half-span  of  the  arch ;  on  this  plat- 
form the  rib  was  laid  out  to  full  size,  and  templates  were  made  of 
each  post  and  brace.  Then  all  the  timbers,  for  the  twelve  ribs 
making  the  centers  for  both  arches,  were  framed  from  these 
templates.     (Figs.  2  and  3.) 


Fig.  3.     Cexterixg  at  Bellows  Falls. 


The  foundations  for  posts  of  bents  supporting  the  ribs  were 
cut  out  of  the  solid  rock,  and  doweled  to  it,  no  sills  being  used 
except  in  the  bents  on  each  side  of  the  river.  All  timber  in  bents 
was  14  X  16  inches  yellow  pine,  second-hand  material. 

These  bents,  of  six  posts  each,  with  cap,  had  short  corbels  at 
top  of  cap  under  each  rib,  and  on  these  corbels  was  placed  the  lower 
chord  of  ribs,  10  x  12  inches  spruce,  simply  butted  together.  The 
posts  and  braces  were  then  put  in  and  stay-braced. 

The  top  chord  of  the  rib  was  made  of  four  thicknesses  of 
3-inch  plank,  laid  with  broken  joints  and  spiked  to  posts  and 
braces.  The  latter  were  sawed  off  square  or  beveled,  according  to 
their  position,  and  thus  required  no  mortises,  tenons  or  bolting 
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in    the    centers.      The    posts    and    braces    were    then    thoroughly 
X-braced. 

The  lagging  was  8x8  inches  spruce,  2  feet  on  centers  and 
under  the  lagging,  at  each  intersection  with  rib,  a  pair  of  oak 
wedges  4  inches  wide  were  placed.  The  arch  sheeting  was  thus 
placed  on  420  pairs  of  wedges,  there  being  six  ribs  under  the  arch, 
5   feet  on   centers.     The  arch   sheeting  was  27  feet  wide  over  all. 

(Fig.  4.) 

To  hold  lagging  in  position  and  give  the  workmen  a  fair  place 
to  work  on,  2-inch  i)lanks  were  spiked  to  the  lagging  about  2  feet 


Fig.  4.     Laying  Arch  Stones  at  Bellows  Falls. 


center  to  center,  and  on  this  the  "sheeting"  was  laid.  As  the  in- 
trados  of  the  arch  w'as  rock-faced,  an  allowance  was  made  for 
3-inch  projection,  the  sheeting  being  kept  to  line  by  wedges  on  top 
of  the  plank.  This  center  proved  to  be  most  satisfactory,  with  the 
exception  of  the  wedges,  and  settled  only  i  inch  under  a  load  of 
1500  tons.  When  the  centers  were  ready  to  be  struck,  the  wedges 
"stuck"  and  refused  to  budge,  except  under  the  most  severe  maul- 
ing, it  being  necessary  in  many  cases  to  actually  cut  them  out. 

The  centers  for  arches  at  Hoosick  Junction,  (Fig.  5)  two 
lOO-feet  spans,  were  of  similar  construction  to  those  at  Bellows 
Falls,  the  former,  however,  having  a  pile  foundation.  The  bottom 
of  the  river  was  a  hardjian  and  into  this  the  piles  were  driven  to  a 
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"refusal."  A  perfectly  solid  foundation  was  thus  obtained.  Here 
the  rib  was  of  2-inch  ])lank,  six  thicknesses,  on  account  of  smaller 
radius  of  arch,  and  short  corbels  were  put  between  the  ends  of  the 
posts  and  the  top  chord  of  the  rib,  to  stiffen  the  latter.  The  method 
of  wedging  for  this  arch  jiroved  the  best  we  have  ever  used,  so  that, 
when  centers  were  struck,  they  came  out  without  anv  trouble.  In 
this  case  the  wedges  were  of  seasoned  oak  8  inches  wide.  4  inches 
thick  at  thick  end.  2  inches  at  thin  end,  and  18  inches  long.  They 
were  planed  on  sliding  faces,  and  were  then  thoroughly  greased. 
When  put  in  place  they  were  "tacked"  together  to  prevent  their 


Fig.   5.     Centering  at  Hoosick  Junction. 

slipping,  and  were  put  in  between  the  caps  on  the  bents  and  the 
corbels  under  the  lower  chord  of  rib. 

At  Schaghticoke  an  arch  of  58  feet  span  was  built  (Fig.  6), 
over  the  Tomhannock  River,  between  two  piers  which  carried  an  iron 
bridge.  This  arch  was  almost  semicircular,  and  was  over  a  very 
shallow  river  with  a  solid  rock  bottom.  The  center  for  this  was 
built  with  a  2-inch  plank  rib,  stiffened  by  8-inch  timbers  between 
five  braces  of  6  x  8-inch  spruce  timbers.  All  the  braces  came  to- 
gether on  a  central  support,  and,  while  the  structure  looked  exceed- 
ingly light,  it  stood  the  test  of  wear  without  any  sign  of  failure. 
The  braces  were,  however,  most  thoroughly  X-braced.  The  wedges 
were  under  the  central  support  and  were  easily  driven  out,  they 
having  been  planed  and  greased  as  at  Hoosick  Junction. 
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The  last  arch  Iniill — that  at  ?\Iedford,  across  the  Mystic  River, 
of  about  60  feet  span — presented  a  problem  as  to  the  method  of 
centering:.  The  springing  line  of  arch  being  6  or  8  feet  under  high 
tide,  it  was  necessary  to  construct  a  cofferdam  for  that  part  of  the 
arch  below  the  highest  watermark,  it  being  deemed  impracticable 
to  try  to  lay  the  sheeting  by  "tide  work."  Piles  were  driven  for  the 
coft'erdam  at  each  side,  about  ten  feet  inside  the  springing  lines  of 
urch.  and  on  this  and  a  center  line  of  piling,  the  ribs  of  centers  were 
built — with  extensions  down  to  the  skewbacks.  To  avoid  driving 
too  many  piles  in  the  river,  a  trussed  center  was  designed,  and  stood 


Fig.  6.     Bridge  and  Center.  Sch.\ghticoke. 


up  well,  under  a  30-inch  sheeting  on  a  very  flat  arch.  No  wedges 
were  used  in  this  center,  they  being  struck  by  knocking  out  a  line  of 
blocking  at  the  central  support. 

The  question  is  often  raised.  How  soon  can  centers  be  drawn 
after  the  arch  has  been  closed?  In  the  opinion  of  the  writer,  they 
should  not  be  drawn  until  the  cement  has  set  enough  to  stand  the 
pressure,  and  in  pursuance  of  this  practice  centers  have  been  struck 
in  three  days  on  a  30-foot  arch,  in  five  days  on  a  60-foot  arch  and 
in  four  weeks  on  the  Bellows  Falls  arch,  with  no  signs  of  cracks  in 
any  case.  If  there  is  no  necessity  for  drawing  centers,  time  will 
surely  add  to  the  certauity  of  stability  of  the  structure,  and  no 
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trouble  will  cnsiu'  if  the  foiindations  arc  equal  to  the  load  placed 
upon  tlicui. 

l'"or  ceuteriiii^-  for  a  lar^e  arch,  or  one  where  the  distance  from 
the  l(3undalion  to  top  of  arcii  is  more  than  40  feet — in  our  opinion 
the  best  jiractice  is  to  use  the  long-est  posts  available;  X-brace  theni 
thoroughly;  avoid  all  trussino-,  as  far  as  possible,  and  make  as  few 
vertical  joints  as  possible. 
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NOTES    OX    THE  INDUSTRIES   OF   THE  UPPER  RHINE. 


Bv   John  Richards.  Member  Technical  Society  of  the  Pacific  Coast. 


[Read  before  the  Society,  June  7,  1901.*] 

I  HAD  recently  to  visit  briefly  on  business  the  upper  Rhine 
country,  especially  the  Swiss  portion,  and  found  time  to  make  some 
notes  relating-  to  technical  and  industrial  matters  there  that  I  ven- 
ture to  present  before  the  Society  this  evening.  I  am  influenced 
to  do  so  because  of  various  things  that  were  novel  and  of  much 
interest  to  myself;  no  doubt  in  some  cases  well  known  to  some  of 
the  members  present,  but  not  to  all.  I  therefore  be?  indulgence  in 
respect  to  what  is  not  novel ;  also  in  respect  to  the  broken  and  dis- 
cursive nature  of  these  notes,  which  were  jotted  down  en  route 
and  had  been  worked  out  by  the  stenographer  here  before  I  arrived 
at  home. 

A  portion  of  my  journey  was  made  on  the  River  Rhine,  and 
my  notes  will  begin  with  that,  remarking  first  that  the  changes  of 
more  than  twenty  years  since  I  had  last  visited  this  country  have 
made  all  things  new.  Old  "Cologne,"  with  120,000  people  then,  is 
now  "Koln,"  with  350,000.  Nearly  all  the  Rhine  cities  have 
•doubled,  and  many  other  things  have  changed  accordingly. 

The  scenic  portion  of  the  Rhine,  from  Bingen  to  Bonn,  has 
been  the  subject  of  more  descriptive  writing  perhaps  than  any  other 
part  of  Europe,  due  more,  however,  to  historic  association  than  to 
its  natural  features.  The  traveler's  portion  of  the  Rhine,  or  that 
usually  traversed  by  passenger  steamers  in  the  summer  season,  is 
from  Cologne,  or  Koln,  to  Mannheim,  a  distance  of  about  150  miles, 
requiring  usually  twenty  hours  of  time.  Throughout  that  portion 
of  the  river  that  lies  between  Bingen  and  Bonn,  the  Rhine  flows 
between  hills  500  to  1000  feet  high,  rising  abruptly  from  the  water's 
-edge,  and  on  all  southern  exposure  the  whole  attainable  surface  is 
terraced  and  cultivated  in  vines  in  a  manner  that  has  no  parallel  in 
the  cost  and  completeness  of  the  work. 

I  will  venture  to  say  something  of  this  vine  or  wine  culture, 
and  to  express  some  views  that  I  fear  will  be  at  variance  with  com- 
monly accepted  opinions. 

In  the  first  place,  I  do  not  believe  that  there  is  much  more  in 
this  Rhine  wine  country,  in  so  far  as  physical  features  are  con- 
cerned, than  the  warmth  of  the  soil  from  underlying  stone  cliffs 
^nd  in  a  wonderful  cultivation,  and  that,  while  the  climate  is  harsh 

*Manuscript  received  June  13,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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and  cold  for  at  least  half  of  the  year,  this  warmth  and  deep  cultiva- 
tion preserves  a  .e^enial  temperature  up  to  a  short  distance  below  the 
surface. 

This  feature  of  warmth,  so  far  as  I  have  noticed  it,  seems  to 
be  peculiar  to  limestone  regions.  In  Ohio,  Kentucky  and  other 
Middle  States  having  both  lime  and  freestone  bedrock,  land  resting 
on  the  former  is  several  weeks  earlier  in  its  vegetation,  and  tFe 
snow  melts  much  sooner  in  the  limestone  regions.  I  do  not  know 
whether  the  Rhine  cliffs  are  limestone,  but  suspect  they  are. 

Other  features  are  exposure  to  the  sun's  hot  rays  in  summer, 
not  attainable  on  Hat  lands ;  also  perfect  drainage  and  a  freedom 
from  saturation  not  j)Ossible  on  level  lands  in  any  country;  but 
most  of  all  is  the  intense  cultivation  and  care,  of  which  we  know 
nothing  here  in  California  and  will  not  for  at  least  half  a  century 
to  come. 

The  depth  to  which  the  soil  is  prepared  and  the  careful  manner 
of  it,  not  to  mention  the  expensive  means  of  retaining  the  earth, 
would,  to  use  a  slang  phrase,  "paralyze"  a  California  grower  of 
vines.  For  a  depth  of  two  to  three  feet,  and  in  some  cases  much 
more,  the  earth  is  stirred,  pulverized,  mixed  with  loam,  vegetable 
mold  and  manure.  It  is  carefully  and  endlessly  cultivated,  indeed, 
so  long  as  the  earth  is  accessible  beneath  the  spreading  vines.  The 
result  is  an  intense  growing  power,  so  to  speak,  carefully  modified 
to  the  conditions  required  by  the  vjnes. 

As  to  local  influences  and  environment,  and  in  all  except  the 
skillful  treatment  of  the  vines,  there  is,  in  my  opinion,  nothing  in 
the  Rhine  Valley  that  has  not  a  parallel  here  a  thousand  times 
repeated  on  the  mountain  sides  in  California.  I  also  believe  that  in 
the  ]^Iiddle  States,  Ohio,  Kentucky,  Tennessee  and  Georgia,  for 
example,  the  cultivation  seen  on  the  Rhine  might  have  a  like  result. 

The  great  reputation  of  the  wines  of  the  Rhine  is  at  this  day 
to  a  great  extent  based  on  commercial  incentives.  The  trade  is 
immense,  and  the  quality  of  the  wine  is  unquestionable ;  but  that 
its  merits  are  due  to  local  conditions  of  a  geographical  or  climatic 
nature  I  much  doubt. 

It  amazes  one  to  think  of  the  possibilities  of  wine  culture  here 
in  California.  The  northern  counties  could  alone  sustain  a  popula- 
tion of  many  millions  of  people  devoted  to  this  pursuit  if  a  market 
for  the  product  could  be  found.  Lake  County,  lying  within  one 
hundred  miles  of  this  city,  has  more  area  for  vines  than  the  Rhine 
\'alley  from  Bingen  to  Koln,  situated  at  levels  up  to  3000  feet  high, 
where  the  best  grapes  are  now  grown,  down  to  the  lake  level  or 
below  that,  a  range  of  2000  feet.     Nearly  the  whole  of  Lake  County 
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could  be  cultivated  in  vines  under  conditions  much  more  favorable 
than  in  the  Rhine  Valley,  except  as  to  means  of  transportation. 

The  ]\Iain,  Lahn,  Mosel,  Nohe,  Nette,  Wied  and  other  streams 
enter  and  swell  the  Rhine  in  this  hill  district;  otherwise  the  volume 
of  water  would  be  insufficient  for  navigation  through  the  many 
rapids  and  obstructions  that  exist  in  this  portion  of  the  river, — 
the  classic  part,  it  may  be  called. 

In  this  .country  we  are  apt  to  suppose  that  the  Rhine,  after 
reaching  the  broken  district  above  Cologne,  continues  between  hills 
and  mountains  that  grow  higher  and  more  abrupt  until  it  enters 
Switzerland.  This  is  not  the  case.  Above  Bingen,  and  after  pass- 
ing the  main  wine  district,  the  countr}^  again  spreads  out  on  each 
side  of  the  river  into  wide  plains,  liasel,  liaden,  Miillhauser  and 
even  Zurich  are  not  in  mountams,  Init  in  plains,  nearly  the  same  as. 
those  that  begin  below  Cologne  and  extend  one  hundred  and  fifty 
or  more  miles  to  the  delta  at  Rotterdam. 

Throughout  its  navigable  length,  the  river  is  not  a  natural, 
but  an  artificial  stream ;  a  canal  indeed,  because  dredged  out, 
embanked,  straightened  and  otherwise  trimmed  up  in  a  manner 
unknown  to  any  stream  on  this  continent.  How  such  a  thing  can 
be  made  profitable  will  appear  when  I  come  to  speak  of  the  traffic. 

The  number  of  steam  dredges  at  w'ork  on  the  Rhine  in  the 
district  from  Afannheim  to  Cologne,  or  for  one-third  of  the  navi- 
gable length  of  the  river,  is  not  less  than  fifty,  all  of  them  of  an 
efficient  kind  and  uniform  except  as  to  size,  which  varies  a  good 
deal.  They  are  constructed  of  iron  or  steel,  of  the  chain-bucket 
type,  and  are  employed  for  various  purposes  besides  deepening  the 
channels.  They  build  the  embankments  and  the  "rip  walls"  or 
wing  dams,  as  we  would  say,  that  jut  out  from  the  shores  to  confine 
the  water  in  the  channel. 

Of  these  intercepting  dykes  or  dams  there  are  thousands.  In 
fact,  they  may  be  said  to  be  nearly  continuous  for  hundreds  of 
miles,  200  to  500  yards  apart,  and  at  low  water  they  just  show 
above  the  surface  and  are  fully  disclosed  by  the  swash  of  passing 
steamboats.  The  banks  of  the  Rhine  are  walled.  It  is  not  an 
exaggeration  to  say  this,  because  natural  banks  between  Mannheim 
and  Cologne,  if  existing  at  all,  are  only  short  reaches  where  willows 
are  planted.  This  protection  by  walls  is  necessary,  because  in  so 
narrow  a  stream,  wdierc  boats  are  driven  at  high  speed,  a  hundred 
or  more  passing  daily,  the  banks  would  soon  be  destroyed.'  In 
front  of  all  cities  these  shore  walls  are  of  ashler  work  laid  in 
cement.  They  are,  however,  of  various  character  in  other  places, 
commonly  of  the  "rip"  kind,  inclined  at  an  angle  of  i    :  2  or  i    :  3;. 
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hut  ill  many  cases  wlurc  tlicro  arc  laiulin^s  the  walls  are  vertical  or 
nearly  so,  ami  in  tlic  latter  case  are  built  with  the  stones  "on  edge," 
SI)  to  call  ii.  This  latter  is  a  remarkable  feature  and  worthy  of 
remark,  also  of  imitaiion.  Such  stones  are  usually  laid  flat  or  in 
loose  walls,  depending  on  gravity  alone  for  stability;  but  by  setting 
the  same  stones  in  a  vertical  position,  or  on  their  edge,  thev  are 
wedgetl  into  position  and  firmly  held  against  the  waves  or  any 
other  disturbing  action. 

The  commerce  of  the  Rhine  is  its  most  important  fact.  In 
our  sparsely  i)opulated  country  it  is  impossible  to  conceive  of  a 
traffic  produced  by  a  highly  industrial  population  of  400  or  more 
to  each  square  mile,  and  this  I  assume  to  be  a  fair  estimate  for 
the  Rhine  \'alley.  Belgium  has  450  people  to  each  square  mile, 
and  the  Rhine  \'alley  from  Schalifhausen  to  Rotterdam  must  equal 
it  not  exceed  this  number. 

Evidences  of  this  enormous  traffic  are  seen  in  various  ways, 
especially  between  Cologne  and  Mannheim.  Above  the  latter  city 
the  traffic  is  not  great,  because  the  larger  steamers  stop  at  that 
point.  It  is  doubtful  whether  in  any  other  part  of  the  world  goods 
are  conveyed  l)y  water  in  so  complete  and  economical  a  manner. 

At  low  stages  in  the  winter  the  water  is  but  9  feet  deep  in  the 
channels,  and  the  draft  of  boats  is  limited  to  about  7  feet.  All  the 
heavy  traffic  is  conveyed  in  barges  200  to  250  feet  long,  built  of 
iron  or  steel,  and  modeled  in  a  highly  scientific  manner,  with  nar- 
row beam  not  exceeding  one-twelfth  of  the  length.  They  are 
finely  molded,  so  as  to  avoid  resistance  and  disturbance  of  the 
water  and  to  prevent  injury  to  the  banks.  They  are  built  with  many 
water-tight  compartments  that  have  no  communicating  doors,  and 
consequently  are  safe  in  case  of  accident.  These  barges  are  loaded 
low  in  the  water,  not  exposing  more  than  a  foot  of  free-board,  or 
just  enough  for  buoyancy  in  case  one  compartment  is  filled  with 
water. 

From  end  to  end,  the  top  is  covered  with  narrow  movable 
hatches,  so  that  any  compartment  or  each  alternate  compartment 
can  be  wholly  uncovered  for  lifting  out  or  loading  freight.  Then 
the  hatches  are  shifted  over  the  loaded  or  emptied  compartment, 
so  the  whole  is  practically  an  open  vessel.  The  hatches  interlock 
at  the  center,  slope  each  way  and  form  a  close  weather-proof  deck 
or  roof.  There  are  neat  cabins,  hinged  masts,  with  sail  tackle  and 
powerful  steering  gearing,  anchors,  winches  and  various  other 
rigging,  including  sails,  so  that  these  barges  are,  in  fact,  complete 
navigating  vessels. 

The  towing  boats  each  draw  two  or  three  of  these  barges,  mak- 
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ing  up  an  immense  cargo  for  the  steam  power  expended  and  for  the 
depth  of  the  water.  These  boats  are  fine  examples  of  construc- 
tive art,  with  Hues  but  Httle  less  fine  than  those  of  the  passenger 
steamers  to  be  hereafter  described.  In  most  cases  they  are  driven 
by  inclined  triple-expansive  engines,  connecting  directly  to  center 
cranks,  and  are  of  the  highest  class.  The  boilers  are  in  most  cases 
of  the  type  known  as  the  Scotch  marine,  and  fuel  consumption  is 
brought  down  to  the  lowest  point  attainable  in  powers  of  this  extent. 
The  paddle  wheels  are  of  the  feathering  type,  and  the  whole  system 
indicates  evolution  under  long  experience  at  the  hands  of  highly 
trained  engineers, — German,  Belgian  and  Dutch,  all  these  countries 
participating  in  the  traflfic. 

Some  idea  of  the  amount  of  material  conveyed  may  be  formed 
from  the  fact  that  in  this  Rhine  Valley  is  concentrated  the  great 
share  of  the  industries  of  Germany,  and  that  the  fuel,  as  well  as 
crude  material  and  product  must  be  carried  out  and  in.  The 
earthen-work  industries  are  of  an  extent  hard  to  imagine, — in 
brick,  tile  pipes,  hollow  ware,  copings  and  a  dozen  more  classes  I 
cannot  name.  Between  Mannheim  and  Koln  are  not  less  than 
twenty  of  these  works,  and  one  can  see  acres  covered  with  finished 
material  and  from  two  to  eight  acres  covered  by  the  works  or 
buildings. 

Glass  also  forms  a  heavy  and  an  enormous  product  of  the 
Rhine  country.  Indeed,  nearly  all  the  main  industries  are  directed 
to  heavy  products  of  one  kind  or  another,  and  all  have  the  air  of 
being  put  down  to  endure. 

I  am  sorry  to  be  unable  to  furnish  you  with  accurate  statistics 
of  these  matters,  but,  as  explained  at  the  beginning,  these  notes  are 
confined  mainly  to  hurried  observation. 

The  use  of  wire  ropes  on  the  Rhine  boats  is  amazing.  They 
seem  to  have  supplanted  the  fibrous  kind  for  nearly  all  uses.  The 
towing-ropes  employed  for  barges  are  of  wire,  about  ^  inch  in 
diameter  and  invisible  at  a  little  distance.  They  are  from  200  to 
400  yards  long,  and  so  light  as  to  be  always  clear  of  the  water,  so 
that  the  barges  seem  to  be  following  a  course  of  their  own  inde- 
pendent of  the  towing  steamers,  and  indeed  do  so  to  a  great  extent. 
Some  screw  towing  boats  are  employed,  and,  to  my  astonishment, 
they  seemed  to  perform  very  well,  notwithstanding  the  shallow 
depth  of  water.  I  judged  of  this  by  the  relative  size  of  the  barges 
and  the  number  towed  by  the  screw  boats. 

There  are  three  companies  that  operate  passenger  steamers. 
My  journey  was  made  in  one  of  the  Rotterdam  Company's  boats 
that  ply  from  Rotterdam  to  Mannheim.     The  other  two  companies 
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are  in  Cologne  and  Mannheim.  Tlie  three  companies  have  col- 
lectively about  forty  steamers.  The  towing  boats  can  be  numbered 
by  hundreds,  belonging  in  great  part  to  private  companies  who 
own  their  own  boats  and  barges. 

Reverting  again  to  some  of  the  industries  of  the  upper  Rhine 
country,  Mannheim  has  become  a  very  great  center  of  industry, 
because  of  its  being  at  the  head  of  navigation  on  the  Rhine  and 
because  various  industries  have  been  founded  there  by  citizens  of 
other  countries  in  order  to  escape  the  German  tariff,  on  a  method 
that  we  know  something  of  in  this  country.  Take  the  case  of 
Messrs.  Sulzer  Bros.,  of  Winterthur,  Switzerland,  as  an  example. 
They  are  extensive  makers  of  steam  engines  of  a  very  high  class, 
and  now  employ  about  4500  men.  The  German  tariff,  like  all 
others,  does  not  tax  workmen  or  skill,  and  as  soon  as  this  customs 
law  w'ent  into  effect  Sulzer  Bros,  sent  men,  tools,  drawings  and 
other  equipment  to  Germany  to  make  engines  there,  the  "tariff" 
remaining  in  Winterthur,  the  same  as  much  of  our  and  the  French 
customs  taxes  find  their  way  to  London.  I  visited  these  works  of 
Sulzer  Bros,  at  Mannheim,  and  I  can  bear  testimony  to  the  very 
high  quality  of  the  work  done  there,  where  about  1200  men  are 
employed  by  this  firm. 

Mannheim  and  Ludwigshafen  form  practically  one  city,  being 
on  opposite  sides  of  the  Rhine,  connected  by  a  wonderful  bridge, 
as  are  all  Rhine  bridges,  especially  those  at  Coblentz,  Mayence  and 
Cologne.  In  Mannheim  and  Ludwigshafen  there  is,  to  use  a  com- 
mon phrase,  a  forest  of  chimneys,  and  the  chimneys  are  not  a  dis- 
figurement, but  the  contrary.  To  a  visitor  from  this  country,  there 
is  indeed  nothing  that  is  more  striking  than  the  industrial  chimneys 
in  Germany,  Belgium  and  Switzerland.  They  are  not  square,  with 
various  degrees  of  taper  and  form,  but  always  round,  symmetrical, 
from  200  to  300  feet  high,  all  of  harmonious  design,  with  elegant 
coping,  entablatures  and  commonly  are  iron-bound  at  spaces  of 
15  to  20  feet. 

I  am  of  the  opinion  that  the  skill  attained  in  Germany,  espe- 
cially in  manipulative  processes,  now  acknowledged  to  be  among 
the  most  advanced,  has  been  to  a  great  extent  an  "overflow"  from 
the  adjoining  cantons  in  Switzerland.  There  is,  indeed,  no  ques- 
tion of  this,  and  there  is  the  problem  :  and  it  is  one  of  some  intricacy, 
how  the  Swiss  have  attained  so  much  skill  in  a  country  without 
coal  or  iron  and  remote  from  the  great  lines  of  traffic.  I  gave  to 
this  subject  such  observation  as  was  possible  in  the  short  time  at 
command,  and  consulted  engineers  and  owners  at  Zurich,  Oerlikon, 
Baden  and  Winterthur,  where  are  situated  four  leading  machine 
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industries, — namely,  Sulzer  Bros.,  Brown,  Bouveri  &  Co.,  Escher, 
Wyss  &  Co.  and  the  Oerlikon  Co..  employing  together  about  12,000 
men,  all  engaged  on  the  tiner  classes  of  machine  work. 

Judged  by  the  skill  in  evidence,  the  appearance  of  the  work- 
men and  of  the  works,  with  the  harmonious  relations  that  exist 
between  the  employers  and  the  employed,  and  by  a  tolerably  careful 
inspection  of  processes,  I  am  inclined  to  believe  that  in  no  part  of 
the  world  has  skilled  industry  of  this  class  been  so  well  and 
thoroughly  developed.  Among  the  reasons  for  this,  such  as  I  could 
discover,  are:  (i)  A  complete  system  of  education,  secular  and 
technical;  (2)  a  strong  predisposition  of  the  people  to  mechanical 
pursuits,  engendered  no  doubt  by  a  struggle  for  comfortable  exist- 
ence where  the  areas  capable  of  cultivation  are  limited  and  the 
climate  unfavorable;  (3)  the  existence  all  over  the  country  of 
water  power  from  numerous  streams  that  descend  toward  the 
Rhine  and  lower-lying  plains:  (4)  and  especially,  the  fact  that  the 
enhanced  price  of  fuel  and  iron  forces  the  Swiss  engineers  to  a 
higher  class  of  work,  in  which  skill  is  the  principal  component. 

This  last  reason  was  given  to  me  uniformly  by  a  number  of 
people  who  were  consulted,  and  is  no  doubt  the  true  cause  of  a  very 
high  development  of  skill  in  that  country.  No  cheap  work  of  any 
kind  is  made,  and  none  in  which  skill  is  not  a  very  considerable 
factor,  if  not  the  chief  one. 

Coupled  with  this  high  development  of  skilled  industry  in 
Switzerland,  which  I  believe  is  not  overestimated,  are  some  facts 
of  much  interest  to  Americans.  In  Belgium,  Holland  and  Ger- 
many one  hears  but  little  of  America,  but  as  soon  as  Switzerland  is 
efitered  the  whole  changes.  The  English  tongue  comes  into  use 
again ;  one  may  with  confidence  assume  that  all  the  owners,  engi- 
neers and  managers  not  only  speak  English,  but  have  been  in 
America.  I  found  myself  in  many  cases  corrected  respecting  firms 
and  industries  in  the  Eastern  States.  In  the  four  great  works  I 
have  named,  nearly  every  one  I  met  or  conversed  with  had  been 
In  America,  and  in  many  cases  to  work  here  and  learn  our  methods. 

j\Ir.  Henry  Sulzer,  who  is  head  of  the  firm  of  that  title,  has 
three  sons  to  inherit  and  conduct  the  business ;  one  of  them  now  in 
principal  charge,  and  all  of  them  well  acquainted  with  American 
engineering  practice.  Carl  Sulzer,  the  eldest  son,  could  converse 
with  me  in  excellent  English  concerning  the  various  shops  in  this 
city,  of  the  Yosemite  Valley,  Mount  Shasta,  Mount  Tamalpais ; 
indeed,  had  traveled  from  Puget  Sound  to  San  Diego  and  exam- 
ined most  things  on  this  coast  worthy  of  noting.  I  had  the  honor 
to  be  entertained  at  the  house  of  Mr.  Henrv  Sulzer.  where  there 
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was  a  company  of  nine,  four  of  whom  were  ladies,  and  all  were 
able  to  speak  in  English  antl  knew  more  or  less  of  America.  While 
I  was  in  Switzerland  another  son  of  Mr.  Sulzer  was  in  this  city,  on 
his  way  to  japan,  where  the  hrni  has  an  aj^ent  and  does  a  consider- 
able bnsiness. 

At  the  (  )erlikon  Works  I  was  conducted  through  by  the  man- 
ager, who  had  been  eleven  years  with  the  General  Electric  Com- 
pany in  this  and  other  countries.  At  Escher,  W^■ss  &  Co.'s  works 
my  conductor  was  a  son  of  the  general  manager,  and,  although 
quite  a  young  man,  had  been  all  over  this  country.  At  Basel, 
Switzerland,  I  called  on  the  veteran  engineer  Mr.  Charles  Brown, 
now  retired  from  active  service.  He  was  for  thirty  years  with  the 
firm  of  Sulzer  liros.,  chief  engineer  there  for  most  of  that  time 
Ele  will  leave  behind  him  a  monument  of  successful  work  as 
great  if  not  greater  than  any  other  man  of  whom  I  have  knowledge. 
In  speaking  with  Mr.  Henry  Sulzer,  of  the  great  works  at  Winter- 
thur,  he  said:  "^Nlany  men  have  had  a  part  in  building  up  these 
works,  yir.  Brown  has  done  a  great  part  of  it.  W'e  had  less  than 
one  hundred  men  when  he  came  in  1856."  I  also  visited  I'rown, 
r.ouveri  &  Co.,  who  employ  about  2000  men  on  electrical  work  per- 
taining to  power  transmission,  and  who  are  now  putting  down  a 
large  plant  at  ^Magdeburg,  Germany,  for  the  manufacture  of  the 
Parsons  steam  turbine.  The  capital  of  this  company  is  to  be  about 
$5,000,000. 

I  had  been  informed  that  there  was  wear  upon  the  vanes  of 
these  engines,  but  Mr.  Charles  Brown,  Sr.,  said  this  was  a  mistake, 
and  that  no  appreciable  wear  had  appeared  in  any  case.  I  had 
also  been  informed  that  the  De  Laval  steam  turbines  had  not  been 
successful  above  100  or  200  horse  power.  This  also  was  a  mistake, 
because  the  Oerlikon  Company  is  erecting  a  new  plant  for  this 
manufacture  and  has  contracts  now  made  for  engines  of  large  size ; 
I  think  of  several  thousand  horse  power,  and  none  of  less  than  500 
horse  power  are  to  be  furnished.  The  large-unit  idea  is  now  a  rul- 
■ing  feature  there  in  electrical  generating  plants.  There  are  now  in 
course  of  construction  in  Sulzer  Bros.'  W^orks  at  Winterthur  single 
engines  of  5000  horse  power  for  a  central  plant  in  St.  Petersburg, 
Russia. 

WTiat  most  of  all  attracted  my  attention  in  the  Swiss  works 
was  the  iron  castings.  They  were  perfect ;  not  the  slightest  fault  on 
any  face,  and  their  outline  at  least  as  true  as  the  patterns.  Tn  the 
foundry  processes,  I  could  discover  nothing  peculiar  except  con- 
venience, room,  order,  fine  tackle  for  handling  and  a  means  of  dry- 
ingr  molds  bv  hot  air  that  I  had  not  seen   elsewhere.     When,  ai 
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mold  is  completed,  a  light  furnace  is  set  on  top,  and  a  current  of 
air  is  forced  through  this  furnace  down  into  the  mold,  permeating 
it  and  removing  the  moisture  from  every  part,  also  heating  the 
mold  before  it  is  poured. 

All  duplicate  work  is  done  on  molding  machines,  but,  as  Mr. 
Sulzer  informed  me,  not  to  the  extent  that  such  machines  are 
employed  in  the  foundry  of  the  Worthington  Company  at  Elizabeth- 
port,  N.  J.  The  sand  blast  is  in  general  use  for  cleaning  castings, 
and  is  applied  by  very  ingenious  machines  designed  in  that  country. 

The  Swiss  are  a  free-thinking  and  intelligent  people.  Their 
history  shows  how  far  personal  rights  are  esteemed  and  preserved 
by  all  conditions  of  men.  They  are  also  given  in  the  highest  degree 
to  association  in  all  forms  affecting  their  business  and  social 
interests,  but  the  relation  between  the  employers  and  their  men 
seems  to  me  to  partake  more  of  the  co-operative  sentiment  than  in 
other  countries.  The  men  are  treated  with  much  respect,  which 
they  demand  and  deserve.  Mr.  Henry  Sulzer,  chief  of  his  firm,  is 
in  the  works  at  8  o'clock  each  morning,  and  leaves  there  between 
6  and  7  in  the  evening,  and  this,  I  am  told,  is  the  custom  of  owners 
in  other  works  of  the  country.  He,  his  sons  and  all  concerned  in 
the  works  have  the  respect  of  the  men  in  their  employ,  and  they  in 
turn  are  respectful  in  all  dealings  with  their  workmen,  who  are 
nearly  all  Swiss  people. 

Some  years  ago  the  firm  built  a  "casino"  or  clubhouse  for  the 
workmen,  containing  hot,  cold  and  vapor  baths,  a  dining-room  with 
heating  and  cooking  appliances,  a  library  and  surgery.  This  was 
done  not  as  a  patronizing  gift  to  the  men,  but  as  a  necessary  adjunct 
to  the  works.  At  Oerlikon  the  company  is  just  completing  a 
similar  building,  which  I  think  would  cost  in  this  country  from 
$30,000  to  $40,000,  perhaps  twice  as  much.  There  are  eighty  plain 
bathrooms,  several  vapor  baths,  a  surgery  and  other  offices,  as 
before  mentioned,  and,  as  I  before  pointed  out,  these  are  not 
heralded  as  patronizing  "gifts"  to  the  men,  but  are  provided  as  a 
necessary  part  of  the  equipment,  built  out  of  profits  that  the  men 
have  earned.  They  have  the  management  of  these  departments, 
and  feel  a  proprietary  interest  in  them. 

It  is  nearly  useless  to  indulge  in  homilies  on  the  management 
of  skilled  labor  or  to  attempt  much  improvement  of  the  circum- 
stances in  a  country  so  long  as  men  are  hired  and  paid  by  time, 
irrespective  of  what  they  perform  or  produce.  Successful  reform 
lies  in  the  direction  of  education,  responsibility,  wages  regulated  by 
their  product  and  a  system  that  provides  declared  profits  and  an 
equitable  incidence  for  taxation.     Workmen  in  Switzerland,  such 
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as  work  by  time,  receive  only  about  one-half  the  rated  waj^^es  paid 
here  on  this  coast,  but  the  real  difference  is  much  less  than  this  and 
is  indeed  to  a  great  extent  made  up  by  a  difference  in  taxation  and 
the  cost  of  commodities  and  necessaries  of  life.  When  one  wants 
to  ascertain  the  rate  of  wages  paid  for  skilled  labor  in  any  country, 
a  "i)ayroH"  is  not  the  thing  to  examine.  That  is  surrounded  by 
intricate  conditions  not  open  to  the  average  observer.  The  true 
way  is  to  examine  the  men  themselves.  Look  into  their  faces, 
note  their  clothing  and  tools ;  go  into  their  houses,  see  them  on 
Sundays  and  holidays,  and,  above  all,  attend  their  meetings  when 
labor  and  other  problems  are  discussed. 

Thus  far  the  upper  Rhine  country  has  escaped  labor  discontent 
and  disturbance,  such  as  has  occurred  in  other  parts  of  Europe  and 
in  this  country.  Mr.  Sulzer  could  inform  me  of  but  one  strike  in 
Switzerland,  and  that  of  unimportant  extent. 

Swiss  enterprise  is  overflowing  the  Confederacy  on  the  Italian 
side.  At  Milan,  in  Italy,  is  a  very  successful  engineering  plant, 
managed  by  a  relative  of  Mr.  Charles  Brown,  of  Basel,  who  reports 
a  fair  degree  of  skill  among  the  Italian  workmen  and  an  extreme 
interest  in  and  devotion  to  the  work,  which  has  of  course  the  charm 
of  novelty  to  the  Italian  workmen. 

I  will  add  some  remarks  on  the  railways  and  highways  of  the 
Rhine  country,  including  Belgium,  where  roadmaking  has  reached 
its  highest  development.  It  is  in  this  feature  that  our  country 
suffers  most  in  comparison  with  Europe,  owing  in  part  to  a  want 
of  wealth  or  taxable  property  along  the  highways,  but  also  to 
methods  that  seem  to  mc  in  many  respects  at  fault.  In  comparison 
with  those  of  Europe,  our  roads  are  only  trails  over  the  natural 
surface,  with  ditches  at  the  sides  to  collect  the  water  that  runs  off 
and  convert  it  into  a  stream  that  goes  on  to  do  mischief  in  some 
manner.  In  Europe  the  roads  are  raised  above  the  natural  sur- 
face, and  the  water  runs  off  at  all  points,  is  dift'used  over  the  land 
and  causes  no  trouble. 

Material  for  grading  is  taken  from  cuts  or  other  sources,  but, 
come  from  where  it  may,  all  roads  are  raised  above  the  level  of 
saturation,  and  thus  are  drained,  so  that  no  water  stands  on  the 
surface,  consequently  they  are  always  hard,  and  are  not  cut  into 
ruts  by  wheels.  The  roads  are  always  narrow,  10  to  12  feet  wide, 
and  this  seems  to  be  all  that  is  required.  The  expense  of  construc- 
tion and  maintenance  is  much  reduced  by  this,  and  we  might  learn 
a  lesson  from  it  in  this  country,  although  there  is  little  hope  of 
attaining  a  good  system  of  highways  under  our  present  compli- 
cated svstem  of  diverse  laws  and  means  of  taxation,  also  dearth 
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of  skilled  and  responsible  officers  clothed  with  proper  authority  to 
direct  such  work,  and,  above  all.  the  absence  of  a  uniform  system 
of  construction. 

In  Belgium  the  principal  roads  are  all  paved  in  the  manner 
known  here  as  the  "Belgian  block  system,"  consisting  of  cubes  of 
hard  stone,  and  are  no  doubt  the  most  perfect  highways  to  be 
found  in  any  country  of  Northern  Europe. 

The  Swiss  railways  are  peculiar  as  compared  with  others  in 
Europe,  and  many  features  may  be  noted  by  a  stranger.  The 
engines  and  trains  are  adapted  to  the  loads  to  be  carried.  There 
are  heavy  wagons  and  locomotives,  but  these  are  not  seen  in  the 
normal  traffic.  A  passenger  train  for  a  certain  number  of  people 
will  not,  I  thhik,  weigh  more  than  half  as  much  as  in  this  country. 
The  passenger  carriages  are  very  convenient,  consisting  of  coupes 
with  a  corridor  extending  along  the  side,  at  the  ends  of  which,  for 
all  classes,  will  be  found  closets  and  conveniences  for  washing. 
The  carriages  are  warmed  by  steam,  and  this,  as  well  as  ventila- 
tion, is  controlled  by  the  occupants  in  each  coupe.  There  is  also 
electrical  connection  to  the  guard  or  officer  in  charge,  and  the 
windows  do  not  slide  up  from  the  bottom,  as  in  this  country,  but 
are  let  down  from  the  top  and  stay  where  one  puts  them.  The 
glass  is  bound  around  with  a  narrow  rim  of  brass,  that  forms  a 
guide,  so  that  the  windows  are  full  width  between  the  frames. 
These  brass  frames  are  planed,  and  slide  noiselessly  in  grooves  of 
wood. 

It  may  seem  that  a  narrow  frame  of  brass  would  not  form  a 
support  for  the  glass,  but,  if  we  think  of  the  matter,  neither  does  a 
wooden  sash  as  we  make  them.  When  the  glass  is  not  in  the  sash, 
the  latter  is  but  a  weak  thing.  The  glass  needs  protection  against 
torsion  only,  and  this  is  provided  for  independently  of  the  sash, 
which  acts  as  a  slide  or  guide. 

Speaking  of  the  weight  of  European  engines  and  trains  brings 
to  mind  some  observations  in  this  country  during  a  recent  trij) 
by  the  Southern  route  from  here  to  Washington  city  and  back ; 
also  a  previous  trip  a  few  months  earlier  out  and  back  over  a 
Northern  route  ;  respecting  the  enormous  weight  of  everything  ])er- 
taining  to  trains. 

Engines  of  loo  tons  are  as  common  as  those  of  50  tons  were 
twenty  years  ago,  and  the  carriage  weight  per  passenger  must  be 
at  least  1500  pounds.  The  railways  seem  to  be  following  the  pace 
set  by  ocean  steamers,  perhaps  with  a  like  aim,  but  with  infinitely 
more  danger  to  those  who  travel.  From  Washington  to  this  city, 
in  the  month  of  xA.pril,  we  passed  five  wrecks,  one  for  each  day. 
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Two  were  on  the  lines  east  of  New  Orleans,  and  three  this  side  of 
New  Orleans,  and,  as  far  as  coidd  he  learned,  these  accidents  all 
had  their  cause  in  the  immense  weights  carried.  In  Georgia  an 
engine  of  200,000  pounds  and  a  train  to  correspond  had  been  run 
on  a  siding.  The  earth  was  soft  from  rain,  and  the  permanent 
way  was  crushed,  sleepers  broken,  rails  bent  and  the  train  ready  to 
topple  over  on  its  side.  The  tendency  to  greater  weights  seems  to 
be  due  to  an  effort  to  increase  earnings,  but  it  must  o]5erate  the 
other  way.  Lighter  and  more  frequent  trains,  at  higher  speed, 
give  a  better  and  safer  service,  and  correspond  to  the  European 
system,  where  severe  penalties  follow  careless  administration  of 
traveling  facilities.  The  number  of  people  injured  and  killed  each 
year  on  American  railways  is  reported  to  be  from  25,000  to  30,000, 
or  about  fifty  times  as  many  as  in  Europe,  including  Great  Britain. 

I  note  that  in  Belgium,  Holland.  Germany  and  Switzerland 
the  time  schedules  for  railways  always  give  the  time  of  trains  leav- 
ing stations,  and  not  the  time  of  their  arrival,  except  at  terminals. 
The  advantage  of  this  is  that  one  does  not  have  to  ask  how  long  a 
train  will  wait.  Tlie  time  shows  that,  and  it  is  a  comfort,  especially 
as  they  always  leave  precisely  at  the  time  indicated.  There  is  one 
new  feature  creeping  into  railway  service  there,  the  same  as  here, 
"trains  du  luxe"  that  charge  extra  because  of  speed.  After  pur- 
chasing a  ticket  from  Zurich  to  Mannheim,  I  was  called  upon, 
when  about  half-way,  for  2.5  marks  for  the  "platz"  or  seat.  I 
employed  my  highest  powers  in  German  to  dispute  this.  "Schnell- 
zug,"  said  the  guard.  "Schnell !"  said  I  "why,  your  train  has  not 
run  at  40  miles  an  hour  at  any  time  throueh  the  day.'  It  did  no 
good,  and  I  paid  the  "schnell"  rate.  It  is  a  collusion  of  the  conti- 
nental railways,  who  have  adopted  this  expedient  of  increasing 
rates,  adding  sleeping  and  dining  carriages.  Perhaps  it  is  right, 
and  letting  one  off  with  2.5  marks  is  moderate,  at  any  rate.  The 
German  Government  has  spent  about  23,000,000  marks  getting 
up  these  trains  de  luxe,  and  naturally  wants  to  get  some  of  it  back 
again. 

The  German  people  especially  will  not  submit  to  extortion. 
On  the  steamer  out  the  passengers  were  mostly  German,  and  prices 
had  to  conform  to  the  standard.  Cigars  from  10  to  20  centimes,  or 
2  to  4  cents ;  wdnes,  beer  and  other  commodities  were  supplied  at 
shore  prices.     The  stores  are  procured  in  Belgium. 

On  the  whole,  traveling  in  Northern  Europe  is  convenient  and 
safe,  not  only  from  dangers,  but  from  the  arjrogant  treatment  that 
seems  necessary  for  the  regulation  of  passengers  on  our  own 
railways.     The  curtained  Pullman  sleeping  carriages  of  our  lines 
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seem  to  me  far  inferior  to  the  "scJilafivagen"  of  Germany  and  the 
Continent.  We  have,  indeed,  some  evidence  of  this  in  the  recent 
adoption  of  the  same  coupe  system  on  some  of  the  Hnes  in  this 
country. 

The  principal  distinction  of  all  is,  however,  in  the  cost  of 
things.  In  our  dining  cars  the  common  charge  for  a  meal,  or  for 
the  use  of  a  table  rather,  is  one  dollar.  In  Europe  it  is  for  what 
you  buy,  down  to  five  cents  or  less,  and  personal  right  is  continually 
present  in  the  fact  that  no  one  will  permit  himself  to  be  cheated. 

In  conclusion,  I  will  venture  the  opinion  that  our  trade  to 
Europe  in  skilled  products  is  not  likely  to  be  permanent,  and  that 
it  has  been  in  the  past  a  result  of  sudden  and  remarkable  evolution 
in  the  arts,  much  more  rapid  than  the  conservative  customs  of  our 
European  friends  would  permit.  There  can  be  no  profitable  and 
permanent  trade  between  nations  of  like  civilization  and  skill 
unless  based  upon  a  difiference  of  natural  products,  and,  however 
greatly  circumstances  may  for  a  time  point  to  a  different  conclusion, 
the  end  must  conform  to  inexorable  economic  laws.  Cane  sugar 
cannot  long  be  produced  in  Louisiana  by  planting  each  year  against 
tropical  countries  that  plant  once  in  four  years. 

The  exportation  of  the  smaller  class  of  machine  tools  to 
Europe,  which  last  year  amounted  to  half  a  million  dollars  a  month, 
has  fallen  to  half  this  amount,  owing  in  some  degree  to  a  very  dull 
state  of  business  in  Germany  and  other  North  European  countries, 
but  more  to  the  fact  that  the  same  machines  are  now  produced 
there  by  the  same  methods  we  employ  here,  which  have  rendered^ 
export  trade  possible, — namely,  an  organized  and  extensive  manu- 
facture of  duplicated  products.  They  "make"  machine  tools  in 
Europe.  We  "manufacture"  them ;  but  this  same  method  is  fast 
making  its  way  in  Northern  Europe,  and  the  principal  center  of 
activity  is  now  and  will  probably  remain  in  what  may  be  called  the 
upper  Rhine  Valley. 

To  one  who  was  familiar  with  the  circumstances  of  trans- 
Atlantic  traffic  between  New  York  and  European  ports  twenty 
years  ago,  it  is  a  curious  matter  to  note  the  changes  that  have  been 
made  since  then.  The  character  of  the  ships,  their  size  and  equip- 
ment and  even  the  personnel  of  the  crew  are  altered  in  such  a 
degree  that  an  old  traveler  feels  at  a  loss  respecting  many  things. 

It  has  been  my  misfortune  to  have  crossed  the  Atlantic  about 
forty  times  in  steamers  instead  of  having  been  as  often  confined  in 
jail  for  a  like  period,  and  the  only  comfort  ever  discovered  in  such 
a  performance  has  been  in  observing  the  circumstances  attending 
on  this  enormous  traffic,  that  has  no  parallel  in  the  world  in  its 
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volume,  and  pcrliaps  none  in  the  vicious  weather  that  exists  along 
the  route  that  bortlers  the  Gun  Stream. 

The  aggregate  value  of  the  steamers  now  in  service  between 
the  Atlantic  ports  and  Europe  is  $250,000,000,  and  one-third  of 
this  amount  is  represented  in  express  steamers  sailing  out  of  New 
York,  carrying  annually  about  140,000  first-class  and  500,000  steer- 
age passengers ;  the  latter  cominc:  mainly  this  way. 

Of  the  companies  owning  and  operating  these  steamers,  eight 
have  vessels  valued  as  follows : 

The   Hamburg- American $15,000,000 

North   German  Lloyd 15,000,000 

White   Star  Company 12,000,000 

Cunard  Company 10,000,000 

Red  Star  and  American 10.000,000 

Atlantic  Transport 10,000,000 

Trans- Atlantic    ( French ) 8,000,000 

Holland-American    7,000,000 

The  principal  line,  the  Hamburg- American,  and  the  greatest  in 
the  world,  has  109  steamers,  with  an  aggregated  tonnage  of  600,000, 
all  employed  in  trade  to  this  Continent, — North  and  South  America. 
The  North  German  Lloyd  is  not  much  behind,  with  steamers 
amounting  to  500.000  tons.  These  tw'O  lines  employ  about  12,000 
people.  Their  capital  shares  are  the  same,  v20,ooo,ooo  each,  but 
this  contains  no  water.  On  the  contrary,  it  covers  property  of 
twice  this  value.  They  own  their  own  piers  at  New  York,  worth 
$3,000,000.  Other  lines  rent  their  piers,  paying  in  some  cases 
$200,000  a  year. 

The  sails  have  disappeared,  and  we  may  say  the  sailors  also. 
It  is  a  steamboat  problem  now.  The  wind  resistance  of  spars  and 
sail  tackle,  at  moderate  rates  of  speed,  far  outweighs  any  propelling 
force  that  can  be  derived  from  canvas,  to  say  nothing  of  the  weight 
of  such  tackle  and  the  expense  of  handling  it. 

The  captain  of  the  "Westernland,"  a  Belgian  steamer,  built  at 
Laird's  eighteen  years  ago,  told  me  that  wdien  the  sails  and  their 
tackle  were  taken  down  from  his  ship  and  piled  up  on  the  quay, 
it  seemed  half  a  cargo,  and,  as  this  weight  is  carried  at  an  average 
of  40  feet  above  the  spar  deck,  one  can  imagine  the  effect  on  a 
vessel. 

The  only  reasons  left  for  the  use  of  sails  are  the  risk  of  failure 
of  the  machinery  and  to  prevent  rolling  in  a  beam  wand,  and  these 
reasons  are  nearly  neutralized  by  the  fact  that  duplicate  units  of 
machinery   give  almost   complete   assurance   against   disablement, 
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while  rolling  is  to  a  great  extent  counteracted  by  bilge  keels  and 
by  the  great  size  and  the  form  of  the  hulls. 

It  is  common  in  this  country  to  hear  people  speak  of  ocean 
carrying  as  an  industry  that  is  not  profitable.  The  same  remark 
was  made  by  .^sop's  fox  that  could  not  reach  the  grapes.  Ocean 
carriage  does  pay,  and  it  never  before  paid  as  it  does  now.  On  a 
late  voyage,  the  "Ivernia,"  of  the  Cunard  Line,  earned  $50,000,  and 
her  expenses,  all  told,  w^ere  $20,000.  I  think  she  is  about  10,000 
tons  capacity.  The  "Celtic,"  now  l)uilding  at  Belfast,  is  over 
20,000  tons,  and  the  Germans  are  busy  building  like  vessels.  The 
rates  of  carriage  are  now  uniform  or  nearly  so,  and  such  ships  are 
like  a  gold  mine, — a  good  one,  I  mean. 

Last  year  the  Hamburg-American  Company  earned  a  dividend 
of  10  per  cent.,  the  Xorth  German  Lloyd  8^  per  cent,  and  the 
White  Star  Company  15  per  cent,  on  their  capital  shares. 

The  L'nited  States  Commissioner  of  Navigation,  in  his  last 
report,  says  about  30.000  tons  of  shipping  owned  by  Americans  is 
sailed  under  foreign  f^ags.  This  does  not  look  like  an  unprofitable 
business.  The  American  Line — that  is,  the  four  ships,  or  three  at 
this  time,  sailed  under  the  American  flag — makes  up  our  part  in  this 
great  trans-Atlantic  fleet.  The  Red  Star  Line,  which  for  adver- 
tising purposes  is  included  in  the  title,  is  Belgian,  in  fact,  with 
headquarters  in  Antwerp,  but  several  of  the  steamers  in  this  service 
are  British.  The  "Kensington"  and  "Southwark,"  600  feet  long, 
that  carry  8000  tons  of  freight,  are  British,  and  two  new  vessels 
building  for  this  line  will  no  doubt  be  sailed  under  the  same  flag. 
The  British  owner  does  not  care  where  his  vessel  serves,  so  long 
as  she  sends  the  profits  to  London  or  Glasgow. 

The  "Southwark,"  on  which  I  went  out  to  the  Continent  in 
March  last,  was  loaded  at  and  sailed  from  the  American  Line 
dock,  but  I  noted  that  the  crew  were  British ;  and  as  soon  as  the 
lines  were  cast  off  the  English  ensign  was  run  up.  and  from  that 
on  we  were  in  a  British  ship. 

Past  President  ~\[t.  G.  W.  Dickie  has  explained  before  this 
Society  in  part,  but  not  fully,  some  of  the  causes  that  lie  at  the 
bottom  of  our  humiliating  position  in  the  ocean  carrying  trade,  and 
the  effects  of  our  antiquated  navigation  laws,  but  he  has  not,  that  T 
am  sure  of,  exposed  the  fallacy  of  the  reasons  commonly  assigned 
for  this  state  of  things. 

In  the  first  place,  every  one  here  knows  that,  sailing  out  of  this 
port,  we  have  but  one  deep  sea  line  under  the  American  flag,  and 
that  a  subsidized  one.  We  see  here  German,  British,  Japanese  and 
other  foreign  flags  in  manv  cases  on  our  American-owned  vessels. 
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I'his  sill  mid  \)v  ciiDuj^h  to  iiulioale  to  every  one  some  fundaiiiental 
error  in  oiir  laws  relating"  to  shipping.  Capital  is  invited  to  this 
ctuiiiiry  for  all  other  piir])oses,  hut  no  foreigner  can  own  anv  part 
of  an  .Xnu'rioan  shij),  and  not  e\en  an  .Vmerican  can  who  resides 
usually  ahroad.  (  )ur  people  can  huy  and  import  anything  hy  pay- 
ing the  duty,  exce])t  ships  and  ohscene  hooks.  Idiese  are  ahsolutely 
excluded.  An  .\merican  shi])  that  is  disahled  ahroad  and  has 
repairs  done  nuist  on  her  return  home  pay  a  duty  of  40  per  cent,  on 
the  amount  expended;  a  vessel  once  sold  to  a  foreign  owner  can 
ne\er  he  houglit  Ijack  again,  with  much  more  of  a  like  nature  that 
1  w  ill  not  consume  time  to  descrihe. 

In  1861  American  tonnage  almost  equaled  that  of  Great 
Britain, — ahout  5.000,000  tons.  Twenty  years  later  it  was  one- 
fifteenth  as  much,  and  the  decline  was  not  much  greater  during  the 
Civil  War  than  l)efore  and  after  that. 

Here  and  in  many  other  States  deep-water  ships  are  taxed  as 
personal  property.  A  vessel  must  pay  for  sewers,  lights,  police, 
streets  and  other  municipal  expenditures,  hut  does  not  use  them, 
and  when  she  comes  home  cannot  land  or  unload  except  hy  paying 
high  charges  for  lying  at  the  docks  which  she  has  heen  taxed  to 
huild.  This  snhject  need  not  he  pursued.  Those  interested  will 
find  the  matter  fully  treated  in  "Our  Merchant  Marine."  hy 
David  A.  Wells,  now.  T  Ixdieve,  an  officer  of  the  Revenue  Depart- 
ment.    The  preface  of  his  hook  begins  as  follows: 

"The  expulsion  of  the  Moors  and  Jews  from  Spain  and  the 
repeal  ot  the  Edict  of  Xantes.  wdiich  deprived  these  countries  of 
their  artisans  and  industries,  have  heen  accepted  by  all  historians 
and  economists  as  the  most  striking  examples  in  modern  times  of 
great  national  disaster  and  decay,  directly  contingent  on  unwise 
and  stujiid,  hut  at  the  same  time  deliberately  adopted,  state  policies. 

'Tt  has  been  reserved  for  the  United  States,  claiming  to  be  one 
of  the  most  enlightened  and  liberal  nations  of  the  world,  after  an 
experience  of  nearly  three  hundred  years  since  the  occurrence  of  the 
above  precedents,  to  furnish  a  third  and  equally  striking  and 
parallel  example  of  results,  contingent  in  like  causes,  in  the  decay 
and  almost  annihilation  of  her  merchant  inarine  and  ocean  carrying 
trade, — a  branch  of  her  domestic  industry  that  formerly  ranked  in 
importance  second  only  to  her  agriculture." 

Returning  now  to  Gennan  companies,  about  1875,  or  some- 
thing later  than  this  (I  have  not  the  reference  at  hand),  the  great 
Chancellor  Bismarck  proposed  to  subsidize  German  shipping  as  the 
French  had  done,  wath  a  view  to  its  expansion.  This  called  out 
from  the  Hamburg:  merchants,  through  their  Board  of  Trade,  a 
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memorial  to  the  government,  which,  tersely  translated,  means 
"Please  let  our  shipping  alone.  We  will  take  care  of  that."  "His- 
tory shows  that  attempts  of  this  kind  have  an  effect  opposite  to  that 
intended,"  and  so  on.  A  careful  translation  of  this  memorial  can 
be  found  in  the  book  above  mentioned. 

The  result  is  before  us.  The  French  subsidies  have  done  no 
good  and  much  harm.  How  often  do  we  see  a  French  ship  in  our 
port?  German  shipping,  without  subsidies,  has  undergone  a  phe- 
nomenal development.  The  Germans  have  the  second  place  in 
number,  and  the  greatest  ships  that  come  into  our  ports.  The 
express  ship  "Deutschland"  is  believed  to  be  the  fastest.  She  burns 
600  tons  of  coal  a  day,  steams  500  or  more  miles  and  carries  com- 
paratively no  cargo, — only  600  tons.  She  is  an  advertisement,  but 
pays  a  profit  besides. 

The  North  German  Lloyd  Company  is  building,  at  Settin,  two 
ships  to  run  at  a  greater  speed.  In  this  country,  the  Great  North- 
ern Company  is  building,  in  New  London,  Conn.,  two  ships  630 
feet  long,  73  feet  beam,  to  carry  over  20,000  tons  each.  These 
steamers  will  sail  from  Puget  Sound  ports,  and  no  doubt  under  the 
British  or  some  other  foreign  flag. 

At  the  Union  Iron  Works  here  and  at  the  East  are  being  built 
very  large  steamers  to  run  from  this  port.  The  "Korea,"  of  18,000 
horse  power,  572  feet  long,  was  launched  at  Newport  in  March. 
Two  of  12,000  tons  ea:ch  are  building  here. 

All  large  ships  are  n(pw  provided  with  double  screws.  This 
is  essential  on  account  of  insurance  rates  alone,  even  if  there  were 
not  many  other  reasons.  It  divides  the  weight  of  reciprocating^ 
parts  and  permits  a  correspondingly  higher  rate  of  revolution, 
without  excessive  risk  and  wear.  One  ship  I  traveled  on  recently 
had  a  low-pressure  cylinder  93  inches  in  diameter,  with  a  piston  and 
connections  that  weighed  20  tons.  This  mass  moved  at  the  rate  of 
700  feet  per  minute,  and  was  reversed  140  times  per  minute.  The 
strains  can  be  imagined.  The  duplicate  power  units  give  more 
room,  because  placed  at  the  sides  of  the  ship,  leaving  a  wide  room 
between,  into  which  light  can  enter  from  the  engine  hatches. 

There  is  much  wonder  at  this  time  that  the  British  companies 
do  not  keep  up  the  speed  of  their  vessels  to  that  of  the  German 
lines.  This,  I  think,  can  be  accounted  for,  in  part  at  least,  by  an 
expectation  that  the  turbine  engine  will  soon  be  a  means  of  propul- 
sion. The  Viper  and  Cobra  gunboats  are  now  driven  by  engines 
of  this  type  at  a  speed  of  37  miles  an  hour,  and  a  small  steamer 
now  building  at  Dunbarton  for  Channel  service  is  to  be  fitted  with 
these  engines. 
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Twelve  or  more  years  ago  I  ventured  the  prediction  before  this 
Society  that  rotative  en^^ines  and  pumps  would  supplant  in  time 
the  reciprocating  type,  and  1  feel  some  confidence  in  this  prophecy, 
owing  to  the  fact  that  certain  Swiss  firms  at  this  time  are  preparing 
to  set  at  work  over  2000  men  on  turbine  engines.  In  pumping 
fluids  there  is  the  same  promise.  Rotative  turbine  pumps  now  raise 
water  against  a  pressure  of  300  pounds  per  square  inch.  The  two 
problems  of  receiving  and  applying  the  dynamic  energy  of  moving 
fluid  and  imparting  motion  and  energy  to  the  same  fluids  are  in 
many  respects  analogous.  This  is  especially  true  of  liquids,  and  the 
two  would  fall  equally  under  the  same  mathematical  laws  were  it 
not  for  centrifugal  force,  which  performs  a  considerable  part  in  the 
action  of  the  latter- named  class  of  machines.  A  manufacture  of 
these  will  be  commenced  in  this  city  before  long,  and  I  hope  in  due 
time  to  present  Here  some  of  the  very  interesting  features  that  are 
being-  developed  in  Europe  and  in  this  country. 

Mr.  Dickie  :  I  rise  on  your  order,  although  I  doubt  my 
ability  to  say  anything  in  regard  to  this  very  interesting  paper, 
except  to  express  the  interest  with  which  I  have  listened  to  it. 

The  field  covered  by  the  paper  is  so  wide  that  discussion  of  it 
is  hardly  possible.  I  followed  Mr.  Richards  closely  while  he  was 
reading,  and  on  many  things  I  could  agree  with  him,  while  on 
some  things  I  could  not. 

Last  year  I  spent  a  little  while  in  Germany,  and  noted  a  great 
many  things  that  Mr.  Richards  mentioned,  especially  the  move- 
ment that  was  going  on  there  for  the  manufacture  of  machines 
and  engines  that  had  hitherto  been  built  as  individual  designs. 

\'ery  large  establishments  have  been  recently  brought  into 
operation,  embracing  the  very  newest  methods  of  production, 
and  using  the  best  known  tools  and  methods  of  work.  What  one 
might  call  the  humanities  of  manufacturmg  seems  to  have 
reached  a  verv  high  development  there.  I  visited  establishments 
where  every  one  of  the  thousands  employed  might  have  his  daily 
bath  in  the  works  and  a  table  to  eat  his  lunch  at  in  a  great  dining 
hall. 

Somehow%  that  sort  of  thing  does  not  go  very  much  here. 
Our  men  look  upon  it  as  a  kind  of  paternal  management  that 
needs  to  be  resented.  Such  provision  made  for  our  men  here 
only  prompts  them  to  inquire  w^here  we  got  the  money  to  provide 
it;  and  this  inquiry  is  usually  answered  by  the  labor  organizers 
who  tell  them  that  it  is  stolen  from  their  labor,  with  the  advice 
to  demand  more  wages  and  buy  bath  tubs  for  their  homes,  and 
shorter  hours,  that  they  may  have  time  to  use  them. 
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I  agree  with  Mr.  Richards  in  regard  to  the  short  hfe  that  is 
likely  to  be  the  residt  of  what  is  now  called  "American  competi- 
tion" with  Europe.  When  these  people  get  fairly  into  the 
methods  of  manufacture  they  are  now  adopting,  they  will  produce 
as  much  per  man  per  day  as  we  do ;  and  we  will  then  be  in  luck  to 
hold  our  own  markets. 

I  cannot  agree  with  Mr.  Richards  in  what  he  says  in  regard 
to  the  comfort  of  railroad  travel  in  Europe,  compared  with  the 
comfort  of  traveling  on  American  railroads.  My  opinion  is  that 
you  can  travel  from  San  Francisco  to  New  York  with  less  dis- 
comfort, and  arrive  fresher  at  your  destination,  than  you  will 
experience  in  traveling  from  Paris  to  Berlin. 

I  think  most  of  what  Mr.  Richards  says  about  American 
shipping  is  true.  I  have  stated  here  before,  and  often,  that  we 
are  not  likely  to  become  a  great  ship-owning  country  until  wiser 
legislation  prevails  in  regard  to  ship  owning.  Municipal  and 
state  taxation  of  ships  should  be  abolished  throughout  the  whole 
country.  A  new  art  cannot  be  built  up  on  being  taxed.  This  is 
true  the  world  over,  and  as  long  as  the  tax  gatherer  has  his 
fingers  on  the  throat  of  our  shipping  it  will  not  succeed. 

Is  it  not  absurd  that  the  city  of  San  Francisco,  which  is  an 
inland  town,  with  no  harbor  nor  any  water  front,  may  tax  a 
ship  in  mid-ocean  to  support  the  city  government;  build  and 
mend  streets,  sewer  and  light  them,  simply  because  the  name  of  that 
ship  is  registered  in  a  building  on  one  of  her  streets  called  the 
Custom  House  ? 

Last  year  there  was  a  proposition  to  build  a  new  Custom 
House  for  San  Francisco,  and  to  build  it  on  the  sea  wall  instead 
of  on  Battery  street.  Had  that  been  done,  our  ships  would  have 
escaped  municipal  taxes,  for  then  they  would  be  registered  in  the 
State  and  not  in  the  city. 

Few  people  know  that  this  is  an  "inland"  city  built  near  a 
harbor  of  the  same  name.  This  city  terminates  150  feet  from  the 
water  front.  Beyond  that  line  San  Francisco  officials  lose  their 
authority.  Only  one  is  allowed  to  cross  with  authority  and  that 
is  the  tax  collector. 

It  is  unfortunate  that  our  people  cannot  be  made  to  realize 
this.  If  they  did  there  would  be  no  rest  until  the  harbor  of  San 
Francisco  would  be  free  to  every  ship  built  and  owned  in  this 
^5tate,  and  no  municijial  or  State  taxes  imposed  on  ocean-going 
ships. 


Editors  reprinting  articles  from  this  journal  are  requested   to  credit  not  only  the 
Journal,  but  also  the  Society  before  which  such  articles  were  read. 
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THE  PITOT  TUBE ;  ITS  FORMULA. 


By  William   Monroe  White,  B.E.,  Memrer  Louisiana  Engineering 

Society. 


[Read  before  the  Society,  May  13,  1901.*] 
The  writer  had  the  pleasure  of  deliverino;  before  the  Louisiana 
Engineering  Society  on  October  8,  1900,  a  paper  entitled  "Water 
Measurements  in  Connection  with  a  Test  of  a  Centrifugal  Pump  at 
Jourdan  Avenue  Drainage  Station."  Professor  Gregor)^  of 
Tulane  University,  wrote  an  article  on  the  same  series  of  tests, 
which  was  read  before  the  American  Society  of  Mechanical  Engi- 
neers at  the  December  meeting  in  New  York  city.  The  water 
measurements  of  these  tests  were  largely  made  with  the  assistance 
of  the  Pitot  tube.  In  our  use  of  the  Pitot  tube,  its  formula  was 
taken  as  V  ^  V^gh. 

At  the  reading  of  Professor  Gregory's  paper  Mr.  William 
Kent,  author  of  "Kent's  Mechanical  Engineer's  Pocket-Book," 
severely  criticized  this  formula,  and  said  that  the  true  formula  is 

V  =:  Vgh.  In  his  criticism  he  said  :t  "I  am  especially  interested 
in  this  paper,  for  the  reason  that  some  of  the  experiments  and  de- 
ductions in  it  constitute  the  best  experimental  proof  that  I  have  yet 
seen  of  the  inaccuracy  of  the  formula  quoted  in  the  last  line  of 
the  first  page  of  the  paper ;  that  is,   the  time-honored   formula 

V  =r  V^gh.  It  is  a  perfectly  correct  theoretical  formula  when  the 
velocity  is  produced  by  the  head,  but  it  is  incorrect  when  the  head  is 

*Manuscript   received   June    15,    1901. — Secretary,    Assn.    of   Eng.    Socs. 
iTranjactions   of  the   American    Society  of   Mechanical   Engineers,   vol. 
xxii,  p.  284. 
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produced  by  the  velocity,  and  tlie  proof  of  the  last  statement  is 
shown  in  the  paper  in  the  most  satisfactory  way  I  have  ever  seen. 
"Take  the  Pitot  tube.  Several  writers  on  the  Pitot  tube  have 
said  that  the  proper  formula  for  it  is  \^  =  y'2gh,  but  the  experi- 
ments  in   this   paper  proves   that   it   is   not   correct.     The   correct 

theoretical  formula  is  \    =    \^^h  or  H   =:     ~,  and  the  correct 

practical  formula  is  H  =  C    — ,  in  which  C  is  an  experimental 

coefificient,  always  less  than  unity,  whenever  the  head  is  the  efifect 
produced  by  the  velocity.  I  have  never  seen  a  better  statement  of 
how  to  test  the  Pitot  tube  than  the  one  given  in  the  paper.  I  do 
not  know  a  better  method  than  to  put  one  in  a  canal  where  there  is 
no  current  and  tow  it  in  a  boat  at  a  uniform  velocity.  The  author 
obtained  in  his  experiment  Y  =  .849  V^gh,  which,  transposed,  is 

V- 
H  =  1.39     2   •  or  39  per  cent,  greater  than  the  head,  which  many 

writers  on  the  Pitot  tube  say  is  the  theoretical  head  that  can  be 
l)roduced  by  the  velocity.     If  we  take  the  correct  formula  we  obtain 

H  =  .695   -      in  which  .695  is  the  coefficient  of  efficiency  of  the 

tube.  The  difiference  between  .695  and  unity  is  the  loss  of  head  in 
the  Pitot  tube,  due  to  eddies  or  to  the  currents  not  striking  it 
squarely,  and  being  deflected  at  right  angles  to  its  orifice.  It  is 
well  known  that  the  pressure  produced  by  a  jet  striking  a  blade  at 
right  angles  to  the  jet  is  theoretically  equal  to  twice  the  head  which 

would  produce  the  velocity,  or  2  X     —  •     We  would  get  the  same 

result  on  the  Pitot  tube,  provided  the  jet  would  strike  it  fairly  and 
leave  at  right  angles,  which  it  does  not  do.  As  one  of  the  speakers 
said,  we  can  have  no  confidence  in  the  Pitot  tube  unless  it  is  stand- 
ardized every  time  it  is  used.  The  Pitot  tube  thus  standardized 
would  be  an  excellent  instrument  for  testing  the  velocity  of  water 
flowing  at  a  uniform  speed.  But  in  no  current,  stream  or  pipe  is 
there  such  a  thing  as  uniform  velocity  of  water,  so  that  even  if  you 
have  the  Pitot  tube  properly  standardized,  the  next  question  is  how 
to  use  that  and  get  the  average  velocity  of  water  through  the  pipe. 
This  is  a  matter  of  great  difficulty,  and  has  to  be  done  by  taking  the 
velocity  at  different  points  of  the  area  and  making  a  computation  by 
the  aid  of  the  calculus  to  find  the  average  velocity. 

"This  theoretical  formula,  H  =  C  —  applies  to  centrifugal 
pumps,  Pitot  tubes,  centrifugal  fans  and  windmills,  and  generally 
to  all  cases  in  which  the  velocity  of  a  current  is  the  cause  and  the 
head  is  the  effect;  while  V  =  \/2gh  is  the  correct  formula  where 
th.e  head  is  the  cause  and  the  velocitv  is  the  effec:.'' 
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Lot  us  examine  Mr.  Kent's  transposition  of  the  formula 
V  ==  .^49  \  -2.g:1i.  TIk-  transposition  is  H  =:  1.39  — .  Mr.  Kent's 
reasoninsj:.  l)y  wliicli  this  formula  is  made  to  appear  as  j^iving  the 
ritot  tube  an  etficiencv  ijreater  than  100  per  cent.,  would  be  per- 
fectly rigid  if  H  were  the  value  of  the  I'clocity  head  alone.  The 
Pitot  tube  under  discussion  is  made  according  to  the  Darcy  prin- 
ciple, with  two  glass  tubes  connected  to  a  common  vacuum.  One 
tube  is  connected  to  the  nozzle,  and  gives  the  velocity  head  ;  the 
other  is  connected  to  the  rear  part  of  the  tube,  and  is  supposed 
to  give  the  hydraulic  head.  H  is  not  only  the  velocity  head,  then, 
but  is  made  up  of  two  readings,  being  the  difference  of  two  water 
levels.  One  reading  is  the  velocity  head,  the  other  may  or  may  not 
be  the  hydraulic  head ;  its  value  may  be  above  or  below  the 
hydraulic  head.  If  a  suction  action  takes  place  about  that  part  of 
the  tul)e  which  is  supposed  to  measure  the  hydraulic  head,  the 
hydraulic  head  is  decreased  and  the  value  of  H  is  increased.     The 

value  of  11  for  the  tube  which  was  used  on  the  test  is  H  ^         4- 

V2       _  .  .  ^ 

.39    — .      Ihe  last  term  in  the  equation  is  the  value,  in  terms  of 

velocity  head,  of  the  suction  action  at  the  hydraulic  part  of  the  tube. 
The  writer  gave  the  reason  for  the  introduction  of  the  constant  'I' 
in  his  paper  read  before  the  Society  last  October. 

In  looking  up  the  authorities  on  the  subject  of  the  Pitot  tube, 
the  writer,  finds  quite  a  diversity  of  opinion  as  to  its  formula. 
Weisbach  writes  the  equation  "V  =  //  V^gh,  or,  more  simply, 
\'  ^t  ^/h,"  and  states  that  "with  fine  instruments,  w^hen  the  veloci- 
ties were  between  .32  and  1.24  meters,  w'e  found  V  =  3.545  V^ 
meters."  J.  T.  Fanning  writes  the  equation  V  =  VC2gh.  Mr. 
Church,  author  of  "Mechanics  of  Engineering,"  gives  the  theoreti- 

V'^  

cal  formula  as  'H  =  2  or  V  =  Vgh." 

The  following  theoretical  consideration  is  taken  from  Church's 
"^Mechanics,"  page  801  (the  writer  uses  Church's  "Mechanics" 
because  it  is  the  one  which  he  studied  while  at  college,  and  is  the 
one  with  which  he  is  most  familiar)  : 

"impulse  of  a  jet  of  water  ox  a  fixed  curved  vane 
(with  borders). 

"The  jet  passes  tangentially  upon  the  vane  (Fig.  i)  ;  B  is  the 
stationary  nozzle  from  which  a  jet  of  water  of  cross-section  F 
(area  )  and  velocity  V  impinges  tangentially  upon  the  vane,  which 
has  plane  borders,  parallel  to  paper,  to  prevent  the  lateral  escape  of 
the  jet.     The  curve  of  the  vane  is  not  circular  necessarily.     The 
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vane  being  smooth,  the  velocit\-  of  the  water  in  its  curved  path 
remains  :=  V  at  all  points  along  the  curve.  Conceive  the  curve 
divided  into  a  great  number  of  small  lengths,  each  ==  ds,  and  sub- 
tending some  angle  =  d  '/•'  from  its  own  center  of  curvature,  its 
radius  of  curvature  being  =  r  (different  for  different  ds's),  which 
makes  some  angle  =  •'/'  with  the  axis  Y  (at  right  angles  to  original 
straight  jet  BA).  At  any  instant  of  time  there  is  an  arc  of 
water,  AD,  in  contact  with  the  vane  exerting  pressure  upon  it.  The 
pressure  dP  of  any  ds  of  the  vane  against  the  small  mass  of  water 
F  ds  ^  H-  g  then  in  contact  with  it  is  the  'deviating'  or  'centripetal' 


force  accountable  for  its  motion  in  a  curve  of  radius  :=  r,  and  hence 
must  have  a  value 


dP  =  ^'^^  ^■ 
K        r 


(I) 


"The  opposite  and  equal  of  this  force  is  the  dP  shown  in  Fig.  i, 
and  is  the  impulse  or  pressure  of  this  small  mass  against  the  vane. 
Its  X-component  is  dX  =  dP  sin  *.  By  making  'P  vary  from 
o  to  a,  and  adding  up  the  corresponding  values  of  dX,  we  obtain  the 
sum  of  X-components  of  the  small  pressures  exerted  simultaneously 
against  the  vane  by  the  arc  of  water  then  in  contact  with  it, — i.e., 
noting  that  ds  =  rd  *, 
.4, 


.  .    ldX=  1. 


=  I  dP  sin'}'  = 
O'^  o 


Fr  V^ 


ds  siiTl' 


Fry 
g 


Jl 


siwh]  d'^  = 


Fr  V= 


[!-cos...] 


(2) 


hence  the  X-impulse  against  fixed  vane 


g 


[I 


cos  a 


(3) 
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"l*"cir  a  hxL'd  ]ilatr.  tlun,  I'i,^'.  2,  al  rii^ht  an}.]^les  to  the  jet,  we 
have  for  the  force  nr  ini])ulse  (on  the  phitc)  (with  a  =  90°;  then 
cos  a  :=  o)  r.nd 


p  =  ^{-' , 


I-  V' 

-   "-   ■2g.'  ■ 


(4) 


"The  cxi>erinients  of  Uidone,  made  in  1838,  confirmed  the  irulh 
of  e(|uation  (4)  quite  closelv,  as  do  also  those  of  two  students  of  the 
L'ni\ersity  of  Pennsylvania  in  1887. 


■^-i' 


1^ 


y/////. ' "  r 


Fig.  2. 


'■'Equation  (4)  is  applicable  to  the  theory  of  the  Pitot  tube,  if 
we  consider  the  edge  of  the  tube  plane  and  quite  wide.  (Fig.  3.) 
The  water  in  the  tube  is  at  rest,  and  its  section  at  'A'  (of  ai;ea 
=  F)  may  be  treated  as  a  flat  vertical  plate  receiving  not  only  the 


Fig.  3- 
hydrostatic  pressure  Fx  ;  ,  due  to  the  depth  x  below  the  surface,  but 
a  continuous  impulse 

F=FrV^-g      (5). 

l-dr  the  equililiriuni  of  the  end  A  of  the  stationary  column  AD  we 
must  have,  therefore. 


Fxr  + 


F  y  V 
g 


v^ 


Fxr  +  Fhr;  i.e.,  h  =  (2.0)  - 


2g 
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Mr.  Church's  reasoning  holds  good  about  the  pressure  on  a 
flat  plate  being  2F  — ,  but  he  is  wrong  when  he  applies  that  rea- 
soning to  the  Pitot  tube.  He  assumes  that  a  jet  of  area  A  (Fig.  3) 
exerts  its  whole  force  upon  the  equal  area  of  the  tube.  If  this  be 
true,  why  should  the  walls  of  the  tube  be  "plane  and  quite  wide"? 
Is  it  that  they  take  a  portion  of  the  pressure  P?  They  cannot,  or 
the  pressure  would  be  divided  between  A  and  the  walls  of  the  tube. 

If  the  tube  (Fig.  3)  should  receive  the  whole  impulse  of  a  jet 
of  the  same  area  A,  the  whole  force  exerted  upon  the  tube  at  A 

V- 

would  be  P  =  2  — -  F.  The  2  in  the  equation  would  not  belong  to 
F,  because  the  areas  are  the  same;  therefore,  it  must  belong  (if  the 
above  reasoning  is  true)  to  the  _„.  If  we  place  the  2  before  —  » 
we  say  that  a  head  h  will  cause  a  velocitv  head  ,„ ,  but  that  a 
velocity  head     -   will  cause  a  head  2h,  which,  of  course,  cannot  be, 

for  the  same  reason  that  a  pendulum  loosened  on  one  side  of  its 
swing  will  not  rise  to  a  greater  height  on  the  other.  But  the  area 
of  the  jet  and  the  area  over  which  it  acts  cannot  be  the  same, 
because  the  formula  deduced  depends  for  its  solution  upon  the 
existence  of  a  radius  of  curvature  of  the  jet  at  striking  the  plate. 
If  this  radius  be  reduced  to  o,  the  solution  of  the  equation  would  be 
impossible.  Therefore,  the  radius  r  must  exist,  and  the  area  over 
which  the  jet  acts  is  greater  than  the  area  of  the  jet.  I  submit, 
therefore,  that  the  equation  as  deduced  by  Mr.  Church  should  be 

less  than  h  =  2    — ; ,  and  that  it  depends  for  its  value  upon  the 

maximum  pressure  per  unit  of  area  on  the  plate.     We  would  expect 

the  greatest  pressure  per  unit  of  area  to  be  h  =       . 

From  the  solution  of  the  equation  we  see  that  the  pressure  on 
the  plate  extends  over  an  area  greater  than  the  area  of  the  jet. 
The  first  thing  to  do,  then,  in  arriving  at  the  formula  is  to  find  the 
relation  between  the  area  of  the  jet  and  the  area  of  the  plate  over 
which  it  acts,  and  next  to  find  the  distribution  of  the  pressure  on  the 
plate  and  the  greatest  pressure  per  imit  of  area. 

EXPERIMENT    I. 

A  Round  Jet  of  Water  Impinging  on  a  Flat  Plate. 
The  object  of  this  experiment  is  (i)  to  determine  the  pressure 
on  a  plate  of  a  round  jet  of  water  of  known  area  and  velocity  im- 
pinging on  the  plate  ;  (2  j  to  determine  in  what  manner  the  pressure 
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of  the  jet  is  distriljute<l  011  the  plate;  (3)  to  determine  the  .c^reatest 
pressure  per  unit  of  area. 

.If'f'arafiis.  The  apparatus  used  in  this  experiment  is  as  fol- 
lows :  (  I'i^-.  4.  )  (  )ne  end  of  a  rectanj^^ular  wooden  box,  18  x  32  x 
()C)  inches,  is  fitted  with  l)attling-  plates,  over  which  and  under  wdiich 
the  water  must  pass  in  reachintj  the  center.  A  hose  discharfjincr 
into  the  end  of  the  box  creates  eddies,  bttt  the  water  in  flowing  past 
the  I)afHin,o-  plates  becomes  quiescent  by  the  time  it  reaches  the 
center  of  the  box.  A  hole  6  inches  in  diameter  is  in  the  center  of 
the  floor  of  the  box.  Over  this  hole  are  fitted  the  diflferent  orifices 
used.  The  orifices  are  plates  of  brass  and  iron  of  i-16-inch  thick- 
ness, each  w  iih  a  round  hole  in  the  center.  The  upper  edges  of  the 
hole  are  tiled  to  a  knife-edge,  making  a  clean,  sharp  orifice.     The 


Fig.  4- 


plate  (Fig.  5)  upon  which  the  jet  impinges  is  ^  inch  thick  by  8 
inches  in  diameter,  and  is  of  aluminum.  Thirt}'-threc  i-16-inch 
holes  are  drilled  in  its  upper  surface.  They  lie  on  fifteen  concentric 
circles,  whose  radii  ditter  from  each  other  by  increments  of  ]  inch 
and  var\-  from  I  to  3'f  inches.  One  hole  is  in  the  center,  and  two 
holes  are  on  each  circle,  except  the  one  of  2-inch  radius,  which  has 
four  holes  about  equally  spaced  from  each  other.  The  holes  all  lie 
as  nearly  along  one  diameter  as  it  was  convenient  to  place  them. 
Each  hole,  1-16  inch  in  diameter,  leads  into  a  nipple,  ^  x  3  inches, 
screwed  into  the  liottom  of  the  plate.     The  nipples  are  connected  by 
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rubber  tubes  to  vertical  glass  tubes  (see  Fig.  4).  Behind  the  glass 
tubes  is  a  scale  reading  in  tenths  of  an  inch.  When  the  water  fell 
through  the  orifice,  it  was  noticed  that  a  whirling  action  was  set  up 
in  the  jet,  tending  to  distort  it.  In  order  to  overcome  this,  i-32-inch 
plates  were  placed  vertically  above  the  orifice.  These  plates  broke 
up  any  small  eddies,  and  the  water  fell  in  a  very  quiet  stream  onto 
the  plate  below.  The  plate  was  placed  exactly  level  and  so  that 
the  jet  struck  it  in  the  center.  The  pressure  on  the  plate  forced 
water  through  the  i- 16-inch  holes  and  through  the  nipples  into  the 
glass  tubes.     The  height  of  the  water  in  each  of  these  tubes,  above 


Fig.  5. 

the  surface  of  the  plate,  was  the  pressure  in  inches  of  water  on  the 
plate  at  the  hole  to  which  the  tube  was  connected.  The  holes  in  the 
plates  are  lettered  for  convenience  of  reference  (Fig.  5).  The 
center  hole  is  A.  The  holes  along  one-half  of  the  diameter  are 
lettered  from  B  to  P,  inclusive,  and  those  on  the  other  half  of  the 
diameter  from  B'  to  P'.  The  two  additional  holes  on  the  circle  of 
radius  2  inches  were  lettered  I^  and  l\,  respectively.  The  pressure, 
given  by  the  reading  of  the  tube  connected  to  the  center  hole  A,  is 
supposed  to  extend  over  the  area  of  a  circle  of  ^  inch  in  diameter. 
The  pressure  given  by  the  hole  B  is  supposed  to  extend  over  the 
area  of  a  ^-inch  circular  strip  of  f  inch  outside  diameter  and  ^  inch 
inside  diameter,  and  so  on.  The  area  corresponding  to  each  letter 
is  given  in  Column  6,  Table  I. 
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TAliLE   I.       OliSERVATION    I. 

Orificc=3".    Height  of  water  in  box  above  orifice— 2. S3". 
Diameter  of  Jet  at  Plate—i.yS".    Area— 2.49  s<\.  in. 
Height  of  Orifice  above  Plate— 10.5".    Total  Fall  of  \V'ater=i3.35". 
Velocity  of  Water  at  Plate  from  V  —  l^  2gh=8  45  ft.  per  sec. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

'    Scale  Readitigs  in 

Inches. 

1- 

fe.s 

^2. 

§26 

Xg 

6 

re 

u 

5x 
«  0 

Pressure  on  Plate  in 

c 

=  0.    . 

~<4 

u 
«3i     . 

S  a    ■ 

0  4* 

Inches  of  Water. 

V 

'o<^ 

Co  «   = 

tz^x, 

«  ^  il 

~ 

•^  13 

M 

u 

u 

^^oz: 

11  j;  ii 

't 

1? 

«  !?  !3 

0!  art 

«^-^ 

«ii^= 

<:^ 

!•- 

> 

< 

0  tlii 

<  reft. 

1:2  2  § 

vy 

3 
i-i 

Aio  P 

AtoP' 

^    1    1> 

A 

1335 

13-25 

13-25 

13-25 

.049 

•649 

B 

1335 

13-25 

12.35 

12.80 

.3928 

5-027 

L" 

13-35 

12.20 

12.55 

12.37 

•7854 

9.720 

D 

1335 

11.25 

9.10 

10.15 

I.I78I 

11.950 

E 

1335 

9.10 

7.70 

8.40 

1.5707 

13.190 

F 

1335 

6.80 

3-05 

4-92 

1-9635 

9.650 

G 

1335 

3-40 

1.70 

2.50 

2.3561 

5.880 

H 

13-35 

1.65 

.60 

2.12 

2.7494 

5.820 

I 

13-35 

-65 

•50 

-57 

3.1420 

1. 791 

1 

13-35 

•35 

.40 

•37 

3-5330 

1.207 

64.874 

66.5 

k 

13-35 

-30 

•25 

•27 

3.9280 

1.058 

L 

13-35 

-30 

.20 

•25 

4.3240 

1.080 

M 

13-35 

-30 

-IS 

.22 

4. 7080 

1-035 

X 

13-35 

.20 

.20 

.20 

5.1050 

1.020 

() 

13-35 

.20 

■  15 

•17 

5.4980 

935 

P 

13-35 

.20 

.10 

•  15 

5.8890 

•895 

I, 

13-35 

•65 

•55 

.60 

3.1420 

In  determining  the  pressure  on  an  area,  an  average  of  the  read- 
ings BB',  CC,  etc.,  was  taken.  By  multiplying  the  average  pres- 
sure by  the  area  of  the  corresponding  strip,  the  total  pressure  on  the 
annular  strip  was  determined.  This  pressure  is  given  in  Column  7, 
Table  I,  and  is  given  in  inches  of  water  pressure  ])er  square  inch  of 
surface,  or  in  cubic  inches.  The  total  pressure  on  the  plate  is 
obtained  l:)y  summing  up  the  pressures  on  the  several  amuilar  strips. 
In  Table  I  it  will  be  noticed  that  the  pressure  is  integrated  only  so 
far  from  the  center  as  it  is  seen  that  the  jet  really  exerts  any  pres- 
sure. The  remaining  pressure  from  this  point  to  the  edge  of  the 
plate  is  due  to  the  dead  weight  of  the  water.  An  inspection  of  the 
curve  of  pressure  of  Observation  i,  Fig.  6,  shows  this  clearly.  The 
pressure  on  the  plate  from  the  center  to  the  circle  J  is  the  pressure 
necessary  to  turn  the  jet,  but  the  pressure  from  J  to  P  is  only  the 
weight  of  the  water  as  it  flows  off  the  plate.  The  manner  in  which 
the  pressure  of  the  jet  is  distributed  on  the  plate  is  shown  by  the 
curves  i  to  1 1  (Figs.  6  to  17).  The  irregularities  in  the  curves, 
Figs.  I,  2,  3,  4  and  8,  are  caused  by  the  jet  not  being  quite  in  the 
center  of  the  plate.  The  remaining  curves  are  smooth  and  are  of 
exactly  the  same  form,  showing  that  the  curve  of  pressure  on  the 
plate  obeys  the  same  law.  whatever  the  diameter  of  the  jet  or  its 
velocity  upon  striking  the  plate. 
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The  tabulation  of  the  results  of  these  different  observations  is 
i^Mvcn  in  Tabic  1 1.  Thr  diameter  of  the  jet  was  taken  at  its  smallest 
part  just  before  it  struck  the  plate.  This  diameter  was  obtained  by 
calipers,  l)ut  is  not  very  accurate. 

iMJumn  S  jrives  the  area  of  the  jet  multiplied  by  its  height. 
The  factor  of  the  heaviness  of  the  water  is  left  out  because  it  is 
constant. 

Column  9  gives  the  total  pressure  on  the  plate,  ascertained  from 
the  individual  readings,  as  explained  in  Table  I.  The  method  used 
iri  determining  this  total  pressure  is.  of  course,  not  very  accurate, 
because  the  area  of  an  annular  strip  at  the  outer  edge  of  the  jet  is 
rather  large  comparatively  ;  and,  as  the  integration  is  by  means  of 
these  strips,  if  we  take  one  strip  too  many  or  one  too  little  the  value 
of  the  total  pressure  is  considerably  varied. 

Column  Xo.  10  is  a  constant  obtained  by  dividing  column  No.  9 
by  column  No.  8,  and  it  confirms  fairly  closely  the  experiments  of 
Bidone  and  of  the  two  students  at  the  University  of  Pennsylvania. 
The  greatest  pressure  per  unit  of  area  is  in  the  center  of  the  jet, 
and  by  comparing  column  11  with  column  4  it  is  seen  that  the 
greatest  pressure  per  unit  of  area  is  equivalent  to  the  velocity  head 
contained  in  the  water. 

Column  12  gives  the  total  area  over  which  the  jet  acts.  Divid- 
ing this  by  the  area  of  the  jet,  we  obtain  the  quotients  given  in 
column  13,  or  the  relation  between  the  area  of  the  jet  and  the  area 
over  which  it  acts  on  the  plate. 

In  conclusion,  we  see  that  Mr.  Church  cannot  apply  equation 
(4)  to  the  Pitot  tube,  (i)  because  the  area  over  which  the  jet  acts 
is  not  the  same  as  the  area  of  the  jet ;  (2)  because  the  greatest  pres- 
sure on  the  plate  never  rises  higher  than  the  velocity  head  contained 
in  the  water.  The  readings  of  the  column  of  water  connected  to 
the  hole  A,  if  we  consider  it  as  a  Pitot  tul)e,  agree  exactly  with  the 
formula  V  :=  Vsgh. 

EXPERIMENT    2. 

1  iiipiir^ciiicnt  of  a  falling  Jet  of  Water  upon  A'Oc::les  of  Different 

Forms. 

There  is  such  a  variety  of  opinion  as  to  the  best  form  of  nozzle 
or  impact  tube  for  use  in  a  Pitot  tube  that  it  seemed  to  the  writer 
advisable  to  experiment  on  tubes  of  dift'erent  forms,  with  a  view  of 
obtaining  some  law^  regarding  their  variation. 

Fig.  17  shows  nozzles  of  four  dift'erent  shapes.  Nozzle  A  is 
made  canonically  converging,  according  to  descriptions  given  by 
Mr.  Darcv.     Nozzle  B  is  Pitot's  original  form.     It  is  made  canonic- 
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ally  diverging,  or  funnel-shaped.  Nozzle  C  is  the  one  Weisbach 
used  in  his  experiments.  Nozzle  D  is  made  according  to  the 
descriptions  of  Mr.  Church,  with  the  edges  '"plane  and  quite  wide." 

Object  of  the  Experiment.  The  object  of  the  experiment  is 
( I )  to  determine  the  static  head  which  nozzles  of  different  forms 
will  support  when  struck  by  a  jet  of  known  velocity;  (2)  to  prove 
that  velocity  head  is  converted  into  static  head  according  to  the  law 
V  =  V2gh. 

The  apparatus  (Fig.  18)  for  obtaining  the  jet  was  the  same  as 
that  used  in   Experiment    1.     Two  vertical  glass  tul)es,    i^  inches 


Fig.   18.     Experiment  with   Nozzle  A. 

inside  diameter  and  8  inches  long,  are  placed  side  by  side  on  the 
box.  The  left-hand  tube  is  connected  directly,  by  |-inch  gas  piping 
and  rubber  tubing,  with  the  interior  of  the  box,  while  the  other  is 
connected  with  the  nozzle  by  similar  means.  The  large  glass  tubes 
are  used  in  order  to  eliminate  the  effect  of  capillarity.  The  glass 
tube  on  the  left  (Fig.  18)  gives  the  height  of  the  water  in  the  water 
box  over  the  orifice,  and  the  difference  between  this  level  and  the 
point  of  the  nozzle  gives  the  total  distance  through  which  the  water 
falls.  The  velocity  of  the  water,  then,  at  striking  the  nozzle  is 
given    by    substituting    this    distance,    in    feet,    in    the    formula 
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\'  =  \'-,i;li-  Cjrcal  care  was  used  lo  j4el  the  nozzle  exactly  lev^el 
and  as  near  the  center  ot'  the  jet  as  practicable.  The  difiference 
i)et\\een  the  water  level  in  the  ,L;lass  tube  on  the  ri^ht  and  the  end  of 
the  nozzle  gives  the  distance  throuiL^h  which  the  water  rises,  due  to 
the  impact  on  the  end  of  the  nozzle.  The  difference  between  the 
two  water  levels  in  the  glass  tul)es  gives  the  total  loss  of  head 
necessary  to  convert  the  static  head  into  velocity  head,  and  to  re- 
convert the  velocity  head  into  static  head,  as  well  as  the  loss  by 
friction. 


Fig.    19.     E.xi'KKiMK.NT  WITH   Nozzle  C. 

Two  hook  gages,  fastened  to  the  end  of  a  steel  scale,  were  used 
to  measure  the  dilterence  between  the  water  levels  in  the  large  tubes. 
The  hooks  were  so  arranged  that  they  dipped  into  their  respective 
tubes  at  the  same  time.  Ry  sliding  the  steel  scale,  which  was 
graduated  1-64  inch,  up  and  down,  so  that  first  the  point  of  one 
hook  came  to  its  water  surface  and  then  the  other,  the  difference 
between  the  water  levels  could  be  measured  closelv. 
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()l)St.T\ati<)ns  i  to  ii;.  I'ahk-  111.  tj^ivc  the  results  as  delennined 
by  this  method.  The  results  by  this  method  of  measurement  varied 
tt^o  widely,  ami  on  another  day  ot'  the  experiment  two  micrometer 
screws  were  constructed  (see  I'i^'.  i<X).  A  hook  was  attached  to 
each  screw  and  dii)i)ed  into  one  of  the  two  glass  tubes.  In  making 
an  observation.  ( i  )  three  readings  were  taken  with  the  glass  tubes 
connectetl  as  shown  in  I'^ig.  18.  and  (2)  three  readings  were  taken 
with  the  rubber  tubes,  which  are  connected  to  the  bottom  of  the 
glasses,  reversed.  An  average  of  these  readings  eliminated  anv 
error  there  might  be  in  the  zeros  of  the  micrometers. 

Observations  20  to  40  were  made  with  the  micrometers.  These 
observations  are  the  best  that  could  be  made.      Xozzles  of  (Hffercnt 


Fig.  20.     Experiment  with   Nozzle 


forms  were  used,  and  the  jet  was  caused  to  strike  each  nozzle  at 
ditiferent  velocities.  The  difference  between  the  two  water  levels 
was  so  slight  that  it  was  very  hard  to  ol)tain  any  law  of  variation. 

Column  10,  Table  III,  gives  the  constant  '/•'  as  determined  for 
the  Pitot  tube  effect  on  these  nozzles.  The  constant  •'/'  contains  all 
the  losses.  If  we  could  eliminate  the  air  friction  and  the  friction  at 
the  orifice,  its  value  would  be  unity. 

Fig.  18  shows  nozzle  A  in  the  jet.  The  jet  binds  closely 
around  the  nozzle  and  adheres  to  the  pipe  down  to  the  elbow. 

Fig.  19  shows  the  jet  impinging  on  nozzle  C.  and  oliscrvations 
in  Table  III  were  taken  under  this  condition. 

Fig.  20  shows  a  jet  striking  nozzle  15.     This  jet  is  smaller  than 
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the  one  used  in  the  tabulated  experiments,  and  was  used  in  order  to 
get  a  better  photograph  of  the  water  as  it  leaves  the  nozzle.  The 
two  water  levels  can  be  seen  in  the  glass  tubes. 

In  Fig.  19  it  is  seen  that  the  jet  is  deflected  from  its  course  by 
an  angle  a  =  45°.  If  we  substitute  the  value  of  the  cosine  of  this 
angle  in  equation  (3)  (page  38)  we  have  for  the  pressure  on  the 
nozzle  (per  unit  of  area  according  to  Mr.  Church  ) 

P  =  Frf*(i-*)  =  Frj|' 

In  Fig.  20  it  is  seen  that  the  jet  is  turned  from  its  course  by  an 
angle  a  =  135°.  If  we  substitute  the  value  of  the  cosine  of  this 
angle  in  equation  (3)  we  have  for  the  pressure  on  the  nozzle, 

But  by  experiment  the  pressure  per  unit  of  area  at  the  point  of  the 
nozzle  is  constant  and  equal  to  the  velocity  head  contained  in  the 
water,  no  matter  at  what  angle  the  jet  may  be  deflected.  There- 
fore, equation  (3)  does  not  apply  to  the  pressure  per  unit  of  area, 
but  to  the  total  pressure  necessary  to  turn  the  jet. 

In  Fig.  18  the  jet  binds  closely  to  the  nozzle,  but  the  stream 
lines  may  leave  the  point  of  the  nozzle  at  some  angle  which  has  not 
been  determined. 

Conclusions.  From  the  results  of  Table  III  we  see  (i)  that 
velocity  head  is  converted  into  static  head  according  to  the  law 
V  =  V^gh ;  (2)  that  no  matter  at  what  angle  the  water  leaves  the 
nozzle,  the  greatest  pressure  per  unit  of  area  never  rises  above  the 
velocity  head  contained  in  the  water. 

Stream  Lutes  and  J'elocifies  of  a  Jet  Inipitiging  on  a  Flat  Plate. 

It  is  claimed  by  ]Mr.  Kent  that  the  formula  is  V  =  Vgh,  and 
the  reason  that  the  calibration  of  tubes  never  shows  quite  so  high  a 
result  is  that  a  cone  of  still  water  may  exist  at  the  center  of  the 
nozzle  of  the  tube  and  that  the  water  sliding  down  the  sides  of  this 
cone  fails  to  exert  its  full  force  upon  it.  An  experiment  was  made 
to  determine  whether  this  cone  existed. 

A  small  jet  was  caused  to  impinge  on  nozzle  D  (Fig.  17),  of 
such  a  diameter  that  the  jet  was  turned  at  right  angles  as  it  left  the 
plate.  The  hole  in  the  center  of  the  nozzle  was  connected  by  piping 
and  rubber  tubes  to  a  funnel  placed  above  the  level  of  the  water  in 
the  water  box.  A  blue  solution  of  metalyne  was  poured  gently 
into  the  funnel.  The  solution  came  out  quietly  through  the  hole  in 
the  nozzle  in  the  center  of  the  jet.  If  a  cone  of  quiet  water  should 
exist  at  that  point,  the  blue  solution  would  force  its  way  in  and 
gradually  displace  the  clear  water,  leaving  a  blue  cone,  which  could 
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be  seen.  [h\t  the  nionienl  the  bluinj;-  came  to  the  surface  of  the 
nozzle  it  disappeared  along  the  surface  as  fast  as  it  was  supplied. 
This.  I  submit,  proves  that  no  such  cone  exists. 

Another  experiment  (I*"i.c:.  21)  was  made  to  determine  the 
stream  lines  throu£^hout  the  jet.  In  this  experiment  a  2-inch  jet 
was  allowed  to  ini])in,qe  upon  a  large  flat  glass  plate.  An  i-inch 
tube  was  connected  by  rubber  tubing  to  the  funnel,  and  the  same 
solution  of  metalyne  used.  By  holding  the  small  tube  in  the  jet  as 
it  came  through  the  orifice,  and  pouring  the  solution  of  metalyne  in 
the  funnel,  a  small  blue  line  could  be  plainly  seen  running  down 
through  the  jet  onto  the  plate  and  running  ofif  at  right  angles. 


Fig.  21.     Stream  Lines  and  Velocities  of  a  Jet  Impinging  on  a  Plate. 

When  the  small  tulje  was  held  in  the  center  (jf  the  jet,  the  blue  line 
seemed  to  run  to  the  surface  of  the  plate  and  then  turn  suddenly  at 
right  angles  along  the  surface.  By  moving  the  small  tube  along  a 
diameter  of  the  jet,  the  stream  lines  could  be  traced,  as  shown  in 
iMg.  21.  The  numbers  in  the  small  circles  (Fig.  21)  give  the 
velocities  in  feet  i)er  second  at  that  point  of  the  jet.  These  veloci- 
ties were  obtained  by  the  means  of  a  very  small  Pitot  tube.  The 
point  readings  of  the  I'itot  tube  always  remain  near  the  water  level 
in  the  box,  the  static  part  of  the  tube  varying  as  the  velocities.  In 
other  words,  the  sum  of  the  static  and  velocity  heads  is  always  equal 
to  the  distance  through  which  the  water  falls. 
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It  will  be  noticed  that  the  velocity  of  the  jet  during-  its  change 
of  direction  is  less  than  it  is  either  before  reaching  the  changing 
point  or  after  leaving  it.  The  changing  point  of  the  jet  seems  to  act 
like  a  reservoir  under  pressure,  being  supplied  from  the  jet  above 
and  discharging  along  the  surface  of  the  plate.  The  stream  lines 
show  very  clearly  that  no  cone  exists  at  the  center  of  the  jet. 

The  stream  line  in  the  center  of  Fig.  21,  together  with  the 
velocities  inclosed  in  the  little  circles  along  that  line,  show  very 
prettily  the  conversion  of  velocity  head  into  static  head.  For 
instance,  at  the  top  of  the  line,  where  the  velocity  is  6.7,  the  static 
head  is  zero.  From  that  point  to  the  plate  the  velocity  head 
gradually  decreases,  being  replaced  exactly  by  the  static  head,  as  the 
reading  of  the  Pitot  tube  shows. 


Fig.  22. 
experiment  3. 
Calibration  of  No;:;slcs. 
This  experiment   (see  Fig.  22)   was  made  to  test  the  nozzles 
under  actual  working  condition.     The  tubes  were  moved  through 
still  water  at  a  known  velocity,  and  the  constant  of  the  tubes  deter- 
mined  in   this   way.     This  calibration   was  made  in  the  Jourdan 
Avenue  Canal,  which  is  blanked  ofif  at  one  end  ;  it  consequentlv  has 
very  little  current,  and  ofifers  exceptional  conditions  for  a  calibration 
of  this  kind.     For  a  course,  a  No.  8  galvanized   iron  wire  was 
stretched  600  feet  just  above  the  surface  of  the  water.     A  point 
was  marked  on  the  wire  150  feet  from  each  end.     Stakes  driven  at 
these  marks  were  used  as  starting  and  stopping  points,  and  left 
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between  theni  a  clear  measured  course  of  300  feet ;  150  feet  on  each 
end  was  used  to  g^et  a  start  Ijefore  crossinij  the  hne  and  to  check 
the  headway  after  crossing  the  last  line.  Two  small  boats  were 
I)laced  side  by  side,  with  their  center  lines  6  feet  a{)art.  A  deckin.g^ 
was  built  over  ilicni,  fdrminjr  a  catamaran.  One  side  of  the  cata- 
maran was  fastened  to  the  wire  with  staples.  A  tow  line  running 
to  the  shore  was  used  to  haul  the  boat  along  the  canal  at  any 
desired  velocity.  On  the  first  day  of  the  experiment  nozzles  A.  B, 
C  and  D.  Fig.  17,  were  connected  by  gas  pipes  and  glass  tubings  to 
the  same  vertical  scale,  graduated  to  .01  foot.  The  tubes  and 
scale  were  fastened  to  a  long  2  x  4-inch  wooden  ]Mece,  and  could  be 


Fig.  23. 


changed  from  one  end  of  the  boat  to  the  other  at  will  (see  Fig.  23). 
The  nozzles  were  placed  about  24  inches  in  front  of  the  bow  of  the 
boat,  12  inches  from  each  other,  and  submerged  18  inches.  When 
in  position  for  reading,  part  of  the  scale  and  of  the  glass  tubes  was 
under  the  water.  To  get  the  static  head  of  water,  as  referred  to  the 
scale,  a  butcher  knife,  a,  with  tne  scale  etched  to  .01  foot,  was 
])laced  between  the  scale  and  the  end  of  the  nozzle  at  h  (Fig.  23). 
In  making  a  reading,  a  spirit  level  was  placed  on  the  boat,  and  the 
observers  so  arranged  themselves  that  the  boat  was  perfectly  level. 
Three  observers  w'ere  necessary  ;  one  to  lay  on  the  catamaran  and 
put  his  head  over  within  a  few  inches  of  the  water  and  read  the  two 
scales  ;  another  recorded  these  readings  as  rapidly  as  read  ;  the  third 
took  the  time  with  a  stop-watch,  reading  in  fifths  of  a  second  in 
going  the  300  feet.  The  greatest  care  was  taken  to  get  the  nozzles 
exactly  in  the  line  of  motion.  When  the  boat  was  hauled  forward, 
the  water  rose  in  the  glass  tubes  on  the  scale,  and  the  four  heights 
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could  be  read.  But  no  matter  at  what  velocity  the  boat  was  hauled, 
the  four  water  levels  from  the  different  nozzles  came  to  exactly  the 
same  height.  This  proves  that  the  form  of  nozzle  for  a  Pitot  tube 
makes  no  difference  so  long  as  it  is  a  surface  of  revolution  with  its 
axis  exactly  in  the  line  of  motion. 

On  the  first  day  of  this  test  sixteen  observations  were  made, 
and  the  value  of  '/•'  in  V  =  'l>  V2gh  was  found  to  be  1.087.  This 
result  is  considerably  oft',  and  the  error  was  caused  by  the  knife  a 
(Fig.  23)  being  placed  at  h  (Fig.  23)  ;  that  is,  not  directly  above  the 
nozzles.  The  water  surface  at  h  is  rising  to  meet  the  bow  of  the 
boat,  and  gives  a  false  reading  on  the  knife. 

On  the  second  day  of  the  experiment — some  two  weeks  later — 
nozzle  D  was  connected  as  shown  in  Fig.  23.  The  knife  scale,  a, 
was  placed  directly  above  the  nozzle.  In  making  a  reading,  the 
spirit  level  was  placed  as  shown  in  Fig.  23,  and  the  observers  ar- 
ranged themselves  so  that  the  boat  was  level.  By  watching  the 
spirit  level,  in  making  a  reading,  the  boat  was  kept  level  at  all  times. 
This  was  necessary  in  order  that  the  zero  readings  of  the  two  scales 
should  remain  the  same.  Before  each  observation  the  reading  of 
the  two  scales  was  taken  with  everything  perfectly  quiet.  The  boat 
was  then  hauled  forward  with  a  constant  velocity.  The  observer 
read  the  water  levels  on  the  two  scales,  one  after  the  other,  as 
rapidly  as  possible.  The  recorder  made  a  note  of  these  readings. 
An  average  of  these  readings  was  taken  for  the  value  of  Ji  in  an 
observation.  Table  IV  gives  the  result  of  the  observations  of  the 
day's  test. 

TABLE  IV. — Calibration  of  Nozzle  D. 
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Column  9.  Tal)lc  1\',  skives  the  direction  of  the  observations 
delermininm-  the  values  of  '/'  in  column  10.  showine:  that  there  was  a 
slii;ht  current  in  the  canal.  I'.ut  hy  taking  a  reading  up  the  canal, 
immediately  followed  by  a  reading  down  the  canal,  the  error  due  to 
this  current  was  eliminated.  Observation  Xo.  4  does  not  give  the 
correct  reading,  because  the  boat  was  not  exactly  level  and,  as 
shown  by  the  reading  on  the  static  scale,  the  knife  was  too  deep  in 
the  water.  But  this  observation  has  not  been  discarded.  In  fact, 
no  observation  has  been  discarded  throughout  this  series  of  tests. 
The  value  of  'I'  for  the  eight  observations  is  1.0053  for  V  =:'/'  V^gh. 
The  calibration  of  nozzle  D  applies  to  nozzles  A,  B  and  C,  because 
on  the  first  day  of  the  test  they  were  hauled  at  different  velocities 
and  they  always  gave  exactly  the  same  reading  of  h.  The  highest 
velocity  obtainable  by  hauling  the  boat  through  the  water  was  about 
6  feet  per  second.  Nozzles  A,  B,  C  and  D,  Fig.  17,  were  afterward 
all  connected  to  the  same  scale  by  pipes  and  inserted  in  the  discharge 
pipe  of  a  centrifugal  pump.  The  velocities  of  the  water  through 
the  pipe  were  varied  from  8  to  15  feet  per  second,  but  the  reading 
of  h  on  the  four  ditTerent  tubes  was  always  exactly  the  same. 

In  conclusion,  we  see  from  this  experiment  that  velocity  head 
is  converted  into  static  head  in  accordance  with  the  law  V  =  V^gh, 
and  that  the  correct  formula  for  the  theoretical  Pitot  tube  is 
\^  =  V^gh  without  the  introduction  of  any  constant. 

EXPERIMENT   4. 

Calibration  of  Pitot  Tubes. 

In  this  experiment  four  different  tubes  (Fig.  24)  were  cali- 
brated under  exactly  the  same  conditions.  Tubes  M  and  N  are 
designed  by  the  writer.  Tube  M  is  made  of  gas  pipe,  having 
nozzle  B  fastened  on  the  end  of  one  of  the  pipes  for  the  impact  tube. 
Nozzle  b  is  made  round,  long  and  sharp,  with  a  hole  at  right 
angles  to  the  length  running  through  the  nozzle,  the  middle  of  the 
hole  being  connected  to  the  gas  pipe,  as  shown  by  the  dotted  lines. 

Tube  N  is  made  in  the  same  manner,  except  that  it  is  entirely 
of  gas  pipe.  Nozzle  e  is  an  ordinary  :J:-inch  gas  pipe  with  its  end 
filed  square.  Nozzle  f  is  a  j-inch  gas  pipe  drawn  to  a  point,  and  a 
hole  is  drilled  through  it  at  right  angles  to  its  length. 

The  hatchet-shaped  tube  is  one  designed  by  Professor  Gregory. 
It  is  made  of  brass,  nicely  polished. 

The  Tulane  tube  is  the  one  that  was  used  in  the  test,  and  is  the 
one  under  criticism  by  'Sir.  Kent.  It  is  made  of  two  ^-inch  tees 
fastened  together  by  an  iron  plug.     On  the  end  of  one  of  them  is 
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fastened  a  nozzle,  ^i;,  and  through  the  other  are  drilled  holes  which 
are  intended  to  give  the  static  pressure.  Unfortunately,  the  tee  k 
was  broken  after  the  calioration  of  last  year,  and  had  to  be  replaced 
b\-  a  slightly  larger  one.  This  causes  a  slight  difference  in  the 
value  of  its  constant  'I' .  The  four  tubes  were  fastened  in  front  of 
the  boat  at  the  same  depth  below  the  water,  and  14  inches  apart. 
The  tubes  were  all  connected  to  glass  tubes  placed  on  the  same 
vertical  scale.  All  the  glass  tubes  were  connected  together  at  the 
top  to  a  common  vacuum  chamber.  The  air  was  exhausted  from 
this  chamber,  and  the  water  levels  thus  drawn  up  on  the  scale. 
When  the  boat  was  hauled  forward  at  any  velocity,  the  readings  of 
the  impact  tubes  of  the   four  different   Pitot  tubes   were  always 


Grcij^>rj's  Tube 

Fig.  24. 
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exactly  the  same,  but  the  static  readings  of  the  different  tubes  w^ere 
always  different,  showing  that  there  was  a  suction  action  of  greater 
or  less  degree  on  some  of  the  tubes. 

The  same  method  of  observation  was  used  in  this  experiment 
as  was  used  in  Experiment  3.  An  observer  read  the  different 
water  levels  on  the  scale,  which  were  recorded  as  rapidly  as  read. 
The  timekeeper  took  the  time  by  the  stop-watch  in  going  the  300 
feet.  Ten  readings  were  usually  made  in  one  observation,  and  the 
average  of  these  readings  gave  the  different  values  of  h  for  the 
different  tubes  in  an  observation.  Table  V  gives  the  result  of  this 
experiment. 
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The  values  of  '!>  for  the  tubes  AI  and  N  are  within  .7  per  cent, 
of  unity.  For  Professor  Grei^ory's  tube,  'i*  ^  -9636,  showing  a 
sHght  suction  action  at  the  static  part  of  the  tube.      The  vahie  of  'P 

for  the  Tulane  tube  is  .867,  showing  a  suction  action  of  .33 

Observations  11  and  12  were  made  with  all  the  tubes  turned 
10°  to  the  right  and  left  of  the  direction  of  motion.  These  observa- 
tions are  to  determine  what  effect  there  is  when  the  tubes  are  not 
exactly  in  line. 

In  conclusion,  we  see  that  the  theoretical  formula  for  all  Pitot 

tubes  is  H  =       ,  but  in  most  practical  tubes  the  value  of  H  is 

increased  by  a  suction  action  at  the  static  attachment ;  and  so,  when 
we  take  this  action  into  account,  we  have  for  the  value  of  H, 

H  =  —  +  C  ,  ^,  or  snnplv 

V  =  d'  V2gh 

where  '/>  =  y^TTC 

EXPEKIMI'INT    5. 

Comparison   of  J  'clocitics  iiuulc  with  the  Pitot   Tube  hai'iiii:;  the 
Oil  Gai^c  Attached,  and  with  the  Price  Current  Meter. 

The  Pitot  tube,  as  ordinarily  used,  will  not  give  accurate  read- 
ings for  low  velocities,  because  the  difference  of  the  water  levels  is 
very  slight,  and  it  therefore  cannot  be  read  accurately. 

The  writer  has  devised  a  method  for  exaggerating  the  dififer- 
ence  between  the  water  levels  for  the  same  pressure  at  the  point  of 
the  nozzle.  The  invention  consists  in  substituting  oil  for  air  in  the 
Pitot  tube  gage.  When  the  pressure  at  the  point  of  the  tube  is  .1 
of  a  foot  of  water,  corresponding  to  a  velocity  of  2.53  feet  per 
second,  the  reading  of  the  difference  of  the  two  water  levels  on  the 
scale,  with  air  above  them,  is  .1  of  a  foot.  When  the  pressure  at 
the  point  remains  the  same  and  oil  is  substituted  for  air  in  the  gage, 
the  difference  between  the  two  water  levels  increases  until  the 
difference  betwen  the  weights  of  the  column  of  oil  and  the  column 
of  water,  due  to  their  different  specific  gravities,  is  equal  to  the 
pressure  at  the  point. 

Let  P  =  the  pressure  at  the  point  of  the  nozzle  in  feet  of  water. 

Let  L  =  the  difference  between  the  two  water  levels  in  feet. 

Let  y  =  the  specific  gravity  of  the  oil.     Then  P  =  L  (i-y). 

Let  us  suppose,  for  example,  that  oil  of  specific  gravity  .9  be 
substituted  for  the  air  in  the  gage,  then  P  =  .1  L,  or  the  scale  read- 
ing is  multiplied  ten  times. 
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In  the  experiment  linseed  oil  of  .922  specific  gravity  was 
used.  Consequently  the  scale  readings  were  multiplied  by  .078 
for  reduction  to  difference  of  water  levels  in  feet  of  water.  The 
specific  gravity  of  the  oil  was  determined  at  the  same  temperature 
at  which  it  was  used  in  the  experiment. 

The  Pitot  tube,  with  oil  gage  attached,  and  Price  current  meter 
were  placed  on  the  catamaran.  The  catamaran  was  hauled  through 
still  water  at  dift'erent  known  velocities,  and  the  readings  of  the 
velocities,  as  given  by  the  Pitot  tube  and  by  the  Price  current  meter, 
were  compared  with  the  true  velocity.  The  same  method  of  obser- 
vation was  used  in  this  experiment  as  in  Experiment  3.  The  Pitot 
tube  used  was  tube  M  (Fig.  24),  and  its  constant  was  taken  as 
unity. 

The  Price  current  meter  was  rated  in  October,  1900.  Its 
rating  is  y  =  ax  -f-  b.  Where  y  is  the  velocity  in  feet  per  second, 
X  is  the  number  of  revolutions  of  the  meter  wheel  per  second,  and 
a  and  b  are  the  constants  of  the  instrument.  The  value  of  a  was 
determined  to  be  a  =  3.0968.     The  value  of  b,  b  =  .0936. 

The  rating  was  very  carefully  made  over  a  500-foot  course, 
and  there  is  every  reason  to  believe  that  it  is  accurate.  The  current 
meter  and  the  Pitot  tube  were  placed  2  feet  in  front  of  the  bow  of 
the  catamaran  and  submerged  equal  depths  below  the  surface  of 
the  water.  After  each  observation,  the  direction  of  the  boat  was 
reversed,  and  the  next  observation  taken  in  going  back  over  the 
course.  This  eliminated  any  error  due  to  a  current  in  the  canal. 
Table  VI  gives  the  results  of  these  observations. 

Column  4  gives  the  average  difference  between  the  water  levels 
on  the  oil  gage.  These  differences  are  averages  of  about  fifteen 
readings. 

Column  5  gives  the  equivalent  of  column  4  in  feet  of  water. 
The  numbers  in  column  5  substituted  in  the  formula  V  =  V^gh 
give  the  velocities  recorded  in  column  11. 

Columns  13  and  14  give  the  percentages  of  error  of  the  Pitot 
tube  and  of  the  current  meter.  By  an  inspection  of  these  two 
columns  it  is  seen  that  the  Pitot  tube,  with  the  oil  gage  attached,  is 
as  accurate  on  low  velocities  as  the  current  meter,  and  offers  the 
advantage  of  having  no  time  element. 

The  writer  wishes  to  express  his  indebtedness  to  Mr.  B.  Shall 
for  the  splendid  photographs  taken  by  him  and  for  his  assistance 
with  the  Price  current  meter.  The  writer  is  also  indebted  to  Mr. 
H.  Rummel,  engineer  of  Jourdan  Avenue  station,  and  to  his  efficient 
force,  for  manv  courtesies  extended. 
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DISCUSSION. 

Mk.  (  "ii:(iR(;k  II.  Fkxkkll.* — Tlie  experiments  conducted  and 
descrilied  l)y  the  author  are  extremely  interesting  and  instructive, 
for  it  is  by  means  of  such  as  these  that  the  laws  governing  the  flow 
of  water  w  ill  he  better  understood. 

Table  \'I  shows  that  the  "Pitot  tube,  with  the  oil  gage  attached, 
is  as  accurate  on  low  velocities  as  the  current  meter,"  etc.  This 
tlepends  ui)on  circumstances.  In  a  wide  and  deep-flowing  river 
the  current  meter  offers  advantages  which  the  Pitot  tube  does  not 
possess,  although  this  does  not  imply  that  the  latter  cannot  be  used ; 
for  in  April,  1898,  a  Pitot  tube  connected  to  the  oil  differential 
gage,  described  in  the  Proceedings  of  the  American  Society  of 
Civil  Engineers  for  May,  1901  (Experiments  at  Detroit,  Mich.,  on 
the  Efl^ect  of  Curvature  Upon  the  Flow  of  Water  in  Pipes,  page 
T,S2  )  was  used  for  taking  velocity  measurements  at  various  depths 
in  the  Detroit  River  near  the  Detroit  Water  Works  pumping  sta- 
tion. The  oil  gages  had  been  constructed  in  1897,  and  were  used  to 
a  limited  extent  in  determining  velocities  in  pipes  under  pressure. 

In  man\'  places  the  Pitot  tube  offers  advantages.  To  cite  one 
investigation  that  the  writer  conducted:  It  was  necessary  to  deter- 
mine the  (|uantit\-  of  water  used  by  a  water  wdieel  working  under  a 
very  low  head.  Floats  could  not  be  used,  and  weir  would  cause 
back-water  on  the  wheel ;  but  excellent  results  were  obtained  with  a 
Pitot  tube.  A  temporary  shute  was  constructed  in  the  tail  race, 
16  feet  long  and  15  feet  wide,  through  which  the  water  passed  at  a 
high  velocity  and  from  10  to  15  inches  deep.  A  sled,  sliding  on  a 
carefully  leveled  track  formed  of  6  x  12-inch  timbers,  carried  the 
tube,  and  readings  w^ere  taken  at  various  depths  and  positions. 

Although  almost  any  form  of  tube,  if  properly  rated,  can  be 
used  in  oi)en  streams,  some  work  better  than  others ;  for,  if  im- 
properly constructed,  when  readings  are  taken  with  the  point  near 
the  surface,  the  eddy  caused  by  the  tube  will  allow  air  to  follow 
di  wn  the  downstream  side  of  the  tube  and  reach  the  side  or  static 
opening,  thereby  destroying  the  partial  vacuum  maintained  in  the 
gage  by  admitting  air  in  the  tube.  It  would  seem  to  the  writer 
that  this  would  be  true  with  the  Tulane  tube.  Fig.  24. 

Xo  matter  what  tube  is  used,  the  water  must  be  free  from 
floating  moss  and  weeds,  and  if  the  tube  openings  are  small,  trouble 
will  be  experienced  in  any  water  carrying  large  quantities  of  mud 
or  silt. 

^Member  Detroit  Engineering  Society. 
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Mr.  Clarence  W.  Hubbell.* — The  experiments  described  are 
of  more  than  usual  interest  to  the  writer,  who  has,  during  the  last 
four  years,  used  and  rated  a  number  of  Pitot  tubes  of  various  forms 
and  designs  in  his  connection  with  the  work  of  the  engineering 
department  of  the  Detroit  Water  Works;  first  as  chief  draftsman, 
and  since  October,  1898,  as  civil  engineer  in  charge.  A  paper  pub- 
lished in  the  ]\Iay  Proceedings  of  the  American  Society  of  Civil 
Engineers,  and  still  open  for  discussion,  describes  original  investi- 
gations in  which  Pitot  tubes  and  oil  gages  were  used.  The  writer 
does  not  feel  it  necessary  to  enter  into  a  description  or  details  of 
work  there  fully  given,  but  will  merely  call  attention  to  a  few  points 
which  the  present  paper  brings  out. 

First,  from  a  personal  experience  with  the  difficulties  to  be 
overcome  in  conducting  such  investigations,  the  writer  especially 
appreciates  the  amount  of  painstaking  labor  involved  and  careful 
observations  and  reductions  necessary  to  reach  the  published 
results  and  conclusions  presented  by  the  author.  All  experimental 
data  must  be  closely  scrutinized,  and  the  results  accepted  only  after 
a  careful  analysis,  and  even  then  with  both  caution  and  judgment. 
The  well-worn  axiom  still  stands,  however,  that  "an  ounce  of 
experimental  truth  is  worth  more  than  a  pound  of  theoretical  deduc- 
tion." Along  this  line  the  experimental  determination  of  the  action 
of  a  jet  impinging  on  a  plane  surface  apparently  shows,  in  a  very 
interesting  manner,  both  the  truth  and  fallacy  of  existing  theories. 

In  describing  the  third  experiment,  the  author  states  that  "the 
form  of  nozzle  for  Pitot  tube  makes  no  difference,  so  long  as  it  is  a 
surface  of  revolution  and  its  axis  exactly  in  the  line  of  motion." 
It  appears  to  the  writer,  however,  that  the  results  of  the  first 
experiment,  taken  in  the  light  of  those  which  follow,  would  author- 
ize a  somewhat  broader  statement,  and  that  the  form  of  nozzle  need 
not  necessarily  be  a  surface  of  revolution, — a  result  apparently  sub- 
stantiated by  experiments  with  tubes  of  the  knife-edge  type,  with 
which  the  writer  is  familiar.  The  point  is  well  taken  that  each 
individual  tube  must  be  standardized,  and  that  the  opening  giving 
the  static  pressure  causes  the  principal  variation  in  the  rating  of 
different  tubes. 

In  the  fall  of  1897,  the  writer  used  an  oil  gage  with  a  Pitot 
tube  in  determining  the  flow  through  a  42-inch  cast  iron  main 
under  pressure,  and  experimented  with  various  oils  of  different 
specific  gravity,  common  kerosene  giving  the  best  results. 

Numerous  data  with  reference  to  oil  gages,  their  calibration 
and  use  will  be  found  in  the  paper  above  referred  to.     The  time 

*Mcinbcr  Detroit  Engineering  Society. 
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required  for  an  oil  gage  to  reach  eciuilihrium  is,  however,  nnich 
greater  than  for  the  same  gage  filled  with  air  and  water.  This  is 
especially  true  when  a  heavy  oil  is  used  and  the  tube  openings  are 
small.  Where  there  are  a  large  number  of  points  to  be  observed 
in  a  cross-section,  recjuiring  the  frequent  moving  of  the  point  of  the 
tube,  the  extra  time  required  at  each  position  becomes  a  serious 
objection. 

Mr.  G.ardner  S.  Williams.* — This  paper  is  one  of  particular 
interest  to  the  writer,  as  it  throws  much  additional  light  upon  phe- 
nomena observed  by  him  in  connection  with  an  investigationf  to 
which  he  has  devoted  considerable  attention  for  several  years.  The 
experiments  of  the  writer  and  his  co-laborers  confirm  the  explana- 
tion of  the  author  of  the  reason  why  a  Pitot  tube  frequently  indi- 
cates a  higher  velocity  than  actually  exists  when  the  theory  that 

V^  :=  2gh  or  h  =   ^     is  applied  to  the  observations.     If  more 

evidence  upon  the  effect  of  water  flowing  past  the  pressure  open- 
ings of  such  instruments  is  desired,  attention  is  called  to  the  head 
observed  by  means  of  a  i-inch  pipe  laid  transversely  across  an  open 
channel  and  8  inches  above  the  bottom,  with  ^-inch  diameter  per- 
forations on  its  under  side,  as  compared  with  that  observed  upon  a 
pipe  having  a  similar  series  of  perforations  laid  transversely  in  the 
bottom  of  the  channel,  the  openings  being  flush  with  and  at  right 
angles  thereto,  as  represented  in  columns  5  and  6  of  Table  No.  8^ 
pages  326  and  ^2y,  Transactions  of  the  American  Society  of  Civil 
Engineers,  Vol.  XLIV.  That  orifices,  situated  similarly  to  those 
in  the  upper  transverse  pipe,  do  not  give  a  head  in  open  chatmels 
corresponding  to  the  height  of  the  water  surface  above  them  wlien 
placed  in  a  current  has  been  observed  by  the  writer  many  times,  the 
fact  having  been  first  brought  to  I'.is  attention  by  Mr.  Hiram  F. 
Mills,  C.  E.,  of  Lowell,  Mass.  It  has  always  seemed  to  the  writer 
that  a  more  careful  reading  of  Weisbach  bv  those  authorities  who. 
have  adopted  the  impact  theory  for  the  Pitot  tube  would  have 
shown  that  the  case  of  the  limited  stream  impinging  upon  an  un- 
limited surface  was  quite  a  different  matter  from  the  unlimited 
stream  impinging  upon  a  limited  surface,  and  it  requires  no  very 
great  stretch  of  imagination  to  conceive  that  the  Pitot  tube  velocity 
opening  conforms  to  the  latter  and  not  the  former  condition.  In 
view  of  this,  the  writer  early  decided  to  cast  his  lot  with  Darcy, 

Bazin,  Mills  and  Freeman,  and  adopted  the  formula  h  =:    ,     for 

*Membcr  Detroit  Engineering  Society. 

tSee  Proc.  Am.  Soc.  C.  E.,  IMay,  iqoi.     "Experiments  at  Detroit,  Mich., 
on  the  Effect  of  Curvature,  etc." 
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the  reduction  of  Pitot  tube  observations.  But  although  the  experi- 
ments with  which  the  writer  has  been  connected  have  convinced 
him  of  the  correctness  of  his  conclusions,  he  is  none  the  less  pleased 
to  see  the  question  worked  out  in  the  very  conclusive  and  accurate 
manner  in  which  it  is  presented  by  the  author,  and  he  ventures  the 
prediction  that  when  it  is  shown,  as  it  can  be,  that  the  observed 
results  will  be  the  same,  whether  one  foot  or  one  mile  of  connecting 
hose  intervenes  between  the  orifice  and  the  tube  gage,  it  will  be 
rather  difficult  to  controvert  the  author's  deductions  with  a  claim 
of  frictional  losses  in  the  apparatus. 

The  conclusion  drawn  from  these  experiments  as  to  the  effect 
of  the  form  of  the  velocity  or  point  ajutage  upon  its  coefficient, — 
i.e.,  that  for  an  orifice  bounded  by  a  surface  of  revolution, — in  a 
plane  at  right  angles  to  the  direction  of  motion,  the  coefficient  is 
sensibly  the  same,  whatever  the  form  or  extent  of  the  exterior 
walls,  is  also  of  especial  interest.  This  view  is  that  generally 
accepted  by  those  most  familiar  with  the  instrument,  and  follows 
from  the  theoretical  discussion  based  upon  straight  line  flow  in  the 
water,  but  the  experiments  of  the  author  do  show  a  very  slight 
variation  of  coefficient  for  the  tubes  as  experimented  upon  in  the 
jets,  which  may,  however,  be  easily  accounted  for  by  small  errors 
in  observation  or  position  of  the  instrument.  From  the  writer's 
experience,  he  has  been  inclined  to  the  view  that  in  flowing  water 
the  coefficient  of  the  velocity  opening  might  be  modified  slightly 
by  the  form  of  the  surrounding  walls,  and  the  experiments  dis- 
cussed upon  pages  380  and  381  of  the  paper  already  referred  to"*"' 
seem  to  bear  out  this  conclusion,  although  it  is  to  be  admitted  that 
the  differences  there  exhibited,  except  in  one  case,  are  not  so  great 
but  that  they  might  be  accounted  for  by  slight  changes  of  condi- 
tion within  the  pipe  or  in  the  position  of  the  point  of  the  instru- 
ment; nevertheless  the  coincidence  of  similar  points,  as  those  of 
tubes  Nos.  3  and  6  and  of  tubes  C  and  E  as  exhibited  in  the  equa- 
tions on  page  343  and  on  Plate  XII  of  that  paper,  would  seem  to 
favor  the  other  contention.  The  points  Nos.  3  and  6  were  the  only 
ones  strictly  conforming  to  the  author's  specification,  as  the  others 
were  circular  orifices  in  knife  edges  and  not  in  surfaces  of  revolu- 
tion. It  appears  quite  clear,  however,  that  a  point  of  the  type  of 
tube  D  of  the  writer,  in  which  the  knife  edge  projects  beyond  the 
center  of  the  orifice,  will  have  a  higher  coefficient  than  will  one  in 
which  all  sides  of  the  orifice  are  in  a  plane.  The  experiments  of 
the  writer  indicate,  as  is  also  shown  bv  the  author's  work,  that  the 
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coefficient  of  any  g-iven  instrument  is  practically  a  constant  for  both 
point  and  pressure  openings  for  all  velocities  so  long  as  the  condi- 
tions of  flow  do  not  change ;  but  the  same  coefficient  that  holds  for 
the  conditions  of  normal  flow  does  not  hold  for  cither  point  or  pres- 
sure opening  when  the  instrument  is  brought  within  the  influence 
of  a  contraction  in  a  pipe. 

So  far  as  the  experiments  go  with  which  the  writer  is  familiar, 
as  well  as  those  in  the  paper  under  discussion,  they  seem  to  indi- 
cate that  the  coefficient  of  a  Pitot  tube  obtained  by  dragging'  the 
instrument  through  still  water  is  not  applicable  to  the  apparatus 
when  used  in  running  water.  For  how  much  of  this  difference  of 
coefficient  the  two  parts  of  the  apparatus  are  severally  responsible 
the  writer  is  unable  to  state,  but  his  opinion  is  that  the  major  part 
is  to  be  accounted  for  at  the  pressure  openings. 

The  oil  differential  gage  described  by  the  author  was  also 
inveiiled,  in  1897,  by  the  writer  and  his  associates  at  Detroit,  Mich., 
and  used  by  them  to  measure  Pitot  tube  heads  and  losses  of  head  in 
pipes  in  1898;  and  instruments  of  that  type,  together  with  the 
results  obtained  by  them,  were  exhibited  to  various  members  of 
the  American  Society  of  Civil  Engineers  at  its  annual  convention 
at  Detroit  in  July  of  that  year,  and,  among  others,  were  shown  to  a 
g^entleman  from  New  Orleans,  connected  with  the  drainage  work, 
who  received  permission  to  comi.iunicate  the  device  to  the  subordi- 
nates on  that  work.  So  far  as  the  writer  is  aware,  this  was  the 
first  application  of  the  device  to  the  measurement  of  differences  of 
head  in  water,  although  he  has  since  learned  of  the  use  of  a  similar 
instrument  to  measure  losses  of  head  in  flowing  gases.  The 
author's  reduction  of  the  gage  observations  is  slightly  in  error,  for, 
as  determined  by  a  long  series  of  experiments,  the  coefficient  of 
such  a  gage,  computed  from  the  specific  gravities  of  the  liquids,  in 
the  case  of  oil  and  water  does  not  agree  with  that  obtained  by  a 
comparison  directly  with  two  water  columns.  For  kerosene,  the 
true  coefficient  of  multiplication  has  been  found  to  be  about  4  to  5 
per  cent.,  and  for  sperm  oil  10  to  12  per  cent,  in  excess  of  those 
computed  from  the  specific  gravities.  That  is  to  say,  the  instru- 
ment actually  magnifies  the  dift'erence  of  head  more  than  is  indi- 
cated by  the  author's  computation.  It  is  also  very  essential  when 
using  this  gage  to  take  account  of  the  temperature,  which  has  a 
very  marked  influence  upon  the  coefficient,  though  the  change  of 
specific  gravities  is  small. 

This  increased  multiplying  eft'ect  seems  to  be  due  to  the 
adhesion  of  the  oil  to  the  glass,  which  is  equivalent  to  an  added 
weight  of  material  when  motion  of  the  fluids  begins.     The  fact 
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that  thus  far  no  such  phenomena  have  been  observed  with  mercury 
differential  gages  where  the  Hquid  has  no  affinity  for  the  glass 
supports  this  explanation.  Experiments  upon  tubes  of  different 
diameters  would  probably  demonstrate  its  error  or  correctness,  but 
the  fact  remains,  however  it  be  explained. 

In  the  author's  experiments  the  error  in  velocity  would  not 
be  very  great,  as  it  is  reduced  in  taking  the  square  root  of  the  ob- 
served quantity.  The  effect  would  be,  when  it  is  corrected,  to 
increase  the  velocity  obtained  by  the  tube,  and  therefore  to  bring 
its  coefficient  down  more  nearly  to  that  of  the  current  meter. 

In  closing,  the  writer  would  express  his  high  appreciation  of 
the  ingenuity  exhibited  in  devising  the  experiments  and  the  care  in 
their  execution,  of  which  the  results  give  ample  intrinsic  evidence. 
He  also  fully  appreciates  the  many  difficulties  connected  with  such 
work,  and  would  extend  to  the  author  his  thanks  for  this  valuable 
contribution  to  the  all  too  scant  literature  of  the  subject. 

Mr.  Walter  Ferris. — In  October,  1899,  the  writer  made  some 
experiments  on  a  form  of  Pitot  meter,  the  results  of  which  may  be 
interesting  in  connection  with  the  author's  deduction  that  the  head 
shown  by  a  pair  of  tubes  may  be  largely  aft'ected  by  suction  at  the 
static  opening. 

The  apparatus,  as  shown  in  the  accompanying  figure,  consists 
of  a  cast-iron  throat  piece,  bored  2  inches  inside  diameter  and  2 
inches  long,  connected  to  a  length  of  30  feet  of  2-incli  iron  pipe. 
The  gap  between  the  flange  on  the  pipe  and  that  on  the  throat  is 
bridged  by  a  funnel  of  very  thin  sheet  brass,  to  prevent  agitation  of 
the  stream.  The  water  passed  through  the  throat,  part  of  which  is 
here  shown,  and  discharged  through  about  150  feet  of  2-inch  pipe 
into  an  iron  tank  17  feet  diameter  and  6  feet  deep.  The  depth  of 
water  in  this  tank  was  measured  by  a  large  float,  reading  on  a 
graduated  board,  with  a  home-made  vernier.  All  quantities  of 
water  were  read,  it  is  believed,  within  less  than  0.5  per  cent,  of 
error. 

The  Pitot  tube,  as  shown  in  the  figure,  was  separated  into  two 
parts, — viz,  a  static  opening,  S,  which  consisted  of  a  ^-inch  hole 
drilled  through  the  top  of  the  throat,  and  the  dynamic  opening,  or 
Pitot  tube  proper,  P^,  consisting  of  a  piece  of  ^-inch  (outside 
diameter)  seamless  brass  tube,  ^\-inch  bore,  facing  the  flow  and 
sharpened  off  to  a  knife  edge,  as  shown.  With  this  arrangement 
of  tubes,  connectea  to  a  differential  mercury  gage,  were  taken  the 
readings  of  Series  A  in  table  below. 

At  the  same  time,  another  set  of  readings,  called  Series  B,  was 
taken  from  a  second  differential  mercury  gage,  one  leg  of  which 
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Avas  connected  to  the  same  I'itot  tube,  P,,  while  the  other  leg, 
instead  of  receivinj^-  the  static  pressure  through  S,  was  attached  to 
another  Pitot  tube,  Po,  exactly  similar  to  Pj,  except  that  V.,  was 
reversed  in  position,  as  shown.  All  these  three  pressure  openings 
terminated  in  approximately  the  same  cross-section  of  the  throat. 
The  duration  of  each  experiment  was  from  eight  to  twenty-six 
niiniUos.  read  liy  an  ordinary  watch,  probabl}'  within  two  seconds 
in  each  case.     The  head  u])on  the  throat  was  about  200  feet,  the 


Jj  ^--^« 


velocity  of  flow  being  controlled  by  a  valve  in  the  discharge  pipe 
from  the  meter. 

From  the  table  of  results,  it  appears : 

(i)  That  the  "suction"  effect  on  the  reversed  Pitot  tube,  Po, 
is  very  little  greater  than  upon  the  plain  static  opening,  S.  Com- 
pare lines  4  and  6,  giving  the  two  simultaneous  heads,  A  and  B. 
The  ratio  of  these  two  heads,  as  given  in  line  8  of  the  table,  aver- 
ages, 1. 03 1,  giving  only  about  3  per  cent,  increase  of  head.  This 
does  not  seem  to  bear  out  the  theory  that  a  form  of  static  opening 
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may  be  employed  whicli  will  materially  increase  the  head  in  the 
tubes  as  a  pair,  for  in  this  case  the  static  opening  was  placed  in 
apparently  the  best  possible  position  to  receive  the  suction  effect, 
but  the  consequent  decrease  in  the  pressure  recorded  is  very  slight. 
(2)  Comparing  lines  4  and  9,  as  is  done  in  line  10,  it  is 
evident  that  these  tubes  do  give  a  much  greater  head  (about  60  per 

cent,  greater )  than  the  theoretical  velocitv  head,  h  =  .,  ,  derived 
from  the  actual  velocity  \",  as  measured  by  means  of  the  discharge 
into  the  tank. 

Mow,  it  has  been  proved,  by  experiments  on  the  Venturi 
meter,  that  the  static  pressure,  indicated  by  a  gage  attached 
to  a  :^-inch  hole  drilled  through  the  wall  of  a  closed  conduit,  is 
within  from  2  to  4  per  cent,  of  the  total  head  less  the  theoretic 
velocity  head.  From  this  we  may  infer  that  the  large  excess  head 
shown  in  the  writer's  experiments  is  due  in  some  way  to  the  impact 
of  the  water  against  the  Pitot  tube,  P^,  and  not  to  any  action  on  the 
static  openings,  S  or  P^.  ^loreover,  as  the  Pitot  tube  P  was  sit- 
uated at  a  distance  from  the  top  of  throat  equal  to  one-half  of  the 
throat  radius,  which  the  Detroit  experiments  of  Alessrs.  Williams, 
Fenkell  and  Hubbell  show  to  be  the  region  of  mean  velocity,  there 
seems  to  be  no  reason  to  attribute  the  excessive  head  to  high 
velocity  at  the  impact  opening. 

The  writer  does  not  feel  justified  in  drawing  any  general  con- 
clusions from  a  comparison  of  these  experiments  with  those  of  the 
author,  partly  because  the  writer  has  not  yet  had  opportunity  to 
study  the  author's  paper  with  the  care  which  such  an  elaborate 
series  of  experiments  demands,  and  partly  because  there  is  already 
considerable  evidence  that  the  laws  governing  the  action  of  Pitot 
tubes  in  closed  conduits  and  in  open  bodies  of  water  are  not 
identical.  The  author's  experiments  seem  to  prove  definitely  that 
in  certain  cases  the  head  in  the  Pitot  tube,  as  distinguished  from 
that  in  the  static  tube,  is  independent  of  form  and  is  equal  to  the 
theoretic  velocity  head.  On  the  other  hand,  the  experiments  herein 
reported  seem  to  prove  with  equal  certainty  that,  under  the  condi- 
tions of  these  experiments,  the  Pitot  head  is  greatly  in  excess  of 
the  theoretic  velocity  head,  and  that  this  is  not  due  to  suction  at 
the  mouth  of  the  static  tube. 

The  foregoing  facts,  together  with  the  experiments  of  Messrs. 
Williams,  Fenkell  and  Hubbell,  published  in  the  Proceedings  of  the 
American  Society  of  Civil  Engineers,  May,  1901,  which  showed  dif- 
ferent coefficients  for  the  same  pair  of  Pitot  tubes  when  calibrated  in 
an  open  canal  and  in  a  closed  pipe,  suggest  the  hypothesis  that  the 
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licad  in  any  Tildt  tuhc  will  lie  .L;i"ratcr  or  less,  for  a  .^'ivcn  velocitv, 
acctJrdinj;"  to  the  ol)structions  ottered  to  the  detiection  of  that  part 
of  the  stream  whicli  strikes  the  point  of  the  tulie  and  which  must 
change  its  course  in  order  to  pass  around  it.  Near  the  surface  of 
an  open  canal,  tlie  ])resence  of  the  tuhe  would  cause  merely  a  slight 
rise  or  wave  in  the  surface,  allecting  very  slightly  the  pressure 
against  the  tulie:  whereas,  deeper  down,  the  increase  of  pressure 
might  he  expected  to  be  greater.  In  a  closed  conduit,  the  whole 
mass  of  flowing  water  nuist  he  more  or  less  accelerated  as  the  tube 
reduces  the  cross-section,  and  the  resistance  to  the  transverse 
motion  of  the  particles  of  water  impinging  against  the  mouth  of  the 
tube  and  passing  off  at  right  angles  to  their  former  course  may  be 
expected  to  be  much  greater  on  account  of  the  confining-  walls. 
Hence  it  seems  reasonable  to  expect  that  the  pressure  in  the  tube, 
when  placed  in  a  closed  conduit,  should  be  greater  thau  when  in  an 
open  stream,  as  many  experiments  have  shown  that  it  is. 


TABLE.* 


'  ( i)    Experiment  No. 

138 

139 

140 

141 

142 

143 

1     144 

145 

-•      Duration  in  Minutes. 

10.230 

6 
cc 

0 

in 

c 
_o 

rt 
<a 

c 

c 

16.350 

16.320 

26.560 

16.430 

8.170 

8.170 

.  ;       .\ctual  mean  velocity  in  2''' 
throat,  by  tank,  in   feet  per 
second. 

13-950 

5.700 
0.807 

3.240 
0.252 

4.320 

6.700 

11.720 

16.680 

(4)  Heads,    "Series  A,"   in  feet 
of  water. 

4.790 

0.478 

I. no 

3-430 

1 

6.860 

15)  Va  =  8.02  i/A 

17.560 
4.970 

7.200 
0.832 

4.020 

5-540 

8.440 

1 
14.850 

21.00 

(6)  Heads,  series  "  B  "  in  feet  of 
water. 

0.277 

0.479 

1.160 

3-490 

7.060 

-    Vb  =  8.02  i/b 

17.850 

7-310 

4.210 

5-55° 

8.630 

14.990 

21.300 

,c\              T5    .•         Head  B       (6) 
(8)            Ratio     55 — j—.=-7-v 
^   '                          Head  A      (4) 

1-037 

1. 031 

1. 100 

1.003 

1.045 

1.017 

1.028 

(9)  Velocity  head  ^,  due  to  ac- 
tual mean  velocity,  shown  by 
tank  measurement. 

3.020 

0.503 

0.163 

0.290 

0.698 

2.130 

4-330 

(10)             Head  A                    (4) 
True  Velocity  Head  -'      (9) 

2g 

1.586 

1-593 

1-550 

1.650 

1.590 

1. 610 

1-584 

♦Computed  with  slide  rule. 
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Mr.  W.  M.  White. — The  writer  wishes  to  express  his  appre- 
ciation of  the  just  criticisms  of  his  paper.  A  point  that  the  writer 
wishes  to  make  clear  is  the  fact  that  the  correct  formula  for  the 
Pitot  tube  is  V  =  V2gh,  whether  it  be  considered  from  the  point  of 
view  of  impact  or  not.  Experiments  i  and  2  show  the  effect  of  a 
"limited  jet  impinging  upon  an  unlimited  surface,"  as  Mr.  Williams 
puts  it,  but  the  maximum  pressure  per  unit  of  area  never  rises 
higher  than  the  velocity  head  contained  in  the  water.  Experiment 
3  shows  the  effect  of  an  "unlimited  stream  impinging  upon  a  limited 
surface,"  and  shows  that  the  pressure  at  the  point  is  equal  to  the 
velocity  head  contained  in  the  water. 

Mr.  Williams,  in  discussing  his  tube  D,  in  which  the  knife  edge 
projects  beyond  the  center  of  the  orifice,  says  "it  will  have  a  higher 
coefficient  than  will  one  in  which  all  sides  of  the  orifice  are  in  a 
plane."  This  bears  out  the  writer's  statement  that  the  point  of  a 
Pitot  tube  should  be  a  surface  of  revolution.  That  tube  which 
converts  all  the  velocity  head  into  static  head,  exactly  according  to 
the  law  V  =  V2gh,  should  be  the  one  selected  for  use,  for,  if  a  tube 
does  not  do  this,  it  is  not  a  Pitot  tube  in  the  true  meaning  of  the 
term. 

There  is  evidence  that  the  rating  of  some  Pitot  tubes,  obtained 
in  open  canals,  does  not  apply  when  the  tubes  are  used  in  closed 
conduits  under  pressure.  There  can  be  only  two  causes  affecting 
this  result,  when  the  cross-section  of  the  conduit  is  not  materially 
affected  by  the  introduction  of  the  Pitot  tube :  First,  some  change 
in  the  law  for  the  conversion  of  velocity  head  into  static  head  at  the 
point,  due  to  the  increased  pressure,  or,  second,  some  change  in  the 
value  of  the  suction  action  at  the  pressure  opening,  due  to  the 
increased  pressure. 

That  the  law  for  the  conversion  of  velocity  head  into  static 
head  can  be  affected  by  pressure  is  hardly  conceivable,  since  the 
pressure  at  the  point  is  increased  by  an  equal  amount  in  all  direc- 
tions. That  the  increased  pressure  could  affect  the  suction  action 
at  the  pressure  openings  seems  possible.  This  suction  action  is 
caused  by  the  irregularities  of  the  tube  near  the  pressure  openings, 
as,  for  instance,  the  Tulane  tube,  where  the  irregularities  of  the 
nipple  and  the  tee  cause  a  suction  action  equal  to  39  per  cent,  of  the 
velocity  head.  These  irregularities  distort  the  flow  of  the  water, 
causing  it  to  take  a  direction  away  from  the  openings.  This  flow, 
striking  the  surrounding  water  with  constant  impact,  relieves  the 
pressure  at  the  openings. 

When  the  pressure  of  the  surrounding  water  is  small,  the  effect 
of  the   impact   is   large,   comparatively.     As   pointed  out   by   Mr. 
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Fenkvll,  the  distortion  C()ulcl  be  so  great  as  to  admit  air  into  the 
openings  when  the  tube  was  used  near  the  surface  of  the  water. 
When  the  pressure  on  the  surrounding  wall  of  water  is  increased, 
the  effect  of  this  distorting  force  is  small,  comparatively,  and  hence 
changes  the  coefficient  of  the  tube. 

In  June,  1900.  the  writer  made  some  tests*  with  a  Pitot  tube 
inclosed  in  a  52-incli  ]Mpc.  'llic  ])rcssurc  within  the  pipe  was  a  little 
less  than  atmospheric  pressure.  The  tube  was  worked  under  an 
average  pressure  of  2  feet  of  water.  The  side  of  the  pipe  was 
tapped  for  the  static  opening,  and  a  pipe  led  to  the  Pitot  tube  gage, 
connecting  it  with  the  point  and  pressure  pipes.  The  point  and 
static  readings  were  treated  as  those  of  a  Pitot  tube  having  a  con- 
stant of  unity,  and  the  constant  of  the  point  and  pressure  was  cal- 
culated to  be  0.856.  The  Pitot  tube  (Tulane)  was  afterward  cali- 
brated in  an  open  canal  under  a  head  of  2  feet,  and  its  constant 
determined  to  be  0.849.  That  is  to  say,  the  point  of  the  Pitot  tube 
converted  velocity  head  into  static  head  according  to  the  law 
\'  =r  0.993  Vsgli.  This  is  well  within  the  limits  accorded  to  the 
errors  of  observation. 

An  examination  of  the  paper  referred  to  by  Mr.  W'illiams 
will  show  the  same  thing  wdien  those  tubes  w'hose  points  are  sur- 
faces of  revolution  are  considered  with  the  "ring"  openings  for 
pressure  readings.  For  four  observations,  the  constant  of  the  point 
does  not  vary  from  unity  more  than  3  per  cent.  In  fact,  a  traverse 
in  the  2-inch  pipe  agrees  with  the  writer's  deduction  by  \  per  cent. 

Mr.  Ferris's  experiments  seem  to  prove  exactly  the  opposite, 
but  the  writer  does  not  believe  that  those  experiments  are  subject 
to  the  deductions  which  Mr.  Ferris  draws.  The  areas  of  the  small 
pipes  that  are  inserted  into  the  2-inch  pipe  are  so  large  as  to 
seriously  affect  its  cross-section.  The  writer  takes  exception  to  the 
position  of  the  small  pipe  marked  Po  in  the  figure.  In  the  paper 
referred  to  by  Mr.  Williams  it  has  been  show^n  that  slight  irregu- 
larities in  the  pipe  produce  abnormal  distortions  in  the  velocity 
curve.  According  to  that  fact,  the  pipe  Po,  owing  to  its  position, 
may  readily  shift  the  point  of  maximum  flow  from  the  center  of 
the  2-inch  pipe  to  the  center  of  the  pipe  Pj.  Whether  the  maximum 
velocity  would  be  at  P^  or  not,  it  is  readily  seen  that  the  velocity 
there  would  be  considerably  increased.  Let  us  suppose,  for 
example,  that  the  maximum  velocity  does  occur  at  P^.  Under  the 
existing  conditions,  this  supposition  seems  as  tenable  as  that  the 
average  velocity  should  occur  at  Pj.     According  to  the  paper  re- 
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ferrcd  to  by  Mr.  Ferris,  the  ratio  of  the  mean  to  the  maximum 
velocity  is  o.8i.  Assuming  that  the  effective  cross-section  of  the 
2-inch  pipe  is  reduced  by  5  per  cent.,  owing  to  the  position  of  pipe 
P..  then  the  mean  velocities,  as  given  by  Mr.  Ferris  in  line  3  of  his 
table,  should  be  increased  5  per  cent.  Dividing  this  increased  mean 
by  0.81,  we  obtain  the  maximum  velocity,  which  occurs,  according 
to  the  writer's  deduction,  at  P,.  In  the  following  table  line  1>  gives 
the  velocities  thus  obtained.  The  velocities  in  line  B  are  to  be 
compared  with  the  velocities  given  in  line  5  of  Mr.  Ferris's  table. 
If  the  writer's  deductions  are  correct,  it  is  seen  that  the  center  ot  the 
velocity  curve  has  not  been  shifted  quite  as  high  at  Pj.  If  Mr. 
Ferris  w^ould  make  a  traverse  on  a  diameter  with  pipe  P,,  he  could 
easily  determine  the  correctness  or  fallacy  of  the  writer's  deduc- 
tions.   But  a  traverse  made  under  the  same  conditions,  in  a  pipe  of 
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No.  of  Mr.  Ferris's  Ob- 
servation       

Line 

138 

140 

141 

142 

143 

144 

145 

Mean  Velocity,    Line  3, 
copied  from  Mr.  Fer- 
ris's table 

A 

13-95 

5-70 

3-24 

4-32 

6.70 

11.72 

16.68 

LineAx^-°5     ....        p, 
.81 

18.15 

7-41 

4.21 

5.61 

8.70 

15.21 

21.65 

Line  5  from  Mr.  Ferris's 
table 

C 

17-56 

7.20 

4.02 

5-54 

8.44 

•14.85 

21.00 

the  same  size,  under  a  pressure  of  35  ])ounds  per  square  inch,  de- 
scribed in  the  paper  referred  to  l)y  Mr.  Williams,  l)ears  out  the 
writer's  deductions  within  i  per  cent. 

The  pipe  Po  is  not  placed  in  the  best  position  for  the  greatest 
suction  action.  The  writer  has  experimented  w'ith  nozzles  of  dif- 
ferent shapes  moving  through  water  and  placed  at  different  angles 
with  reference  to  the  line  of  motion.  He  finds  that  the  maximum 
suction  action  of  a  pipe  similar  to  P„  occurs  when  the  axis  of  the 
pipe  is  at  right  angles  to  the  direction  of  motion.  The  suction 
action  gradually  decreases  to  a  minimum  as  it  approaches  the  posi- 
tion of  P.,  with  respect  to  the  flow. 

The  writer  regrets  that  he  did  not  know  of  the  existence  of  the 
differential  gage,  as  it  would  have  saved  him  considerable  time  and 
worry  in  the  solution  of  the  problem. 

Tn  conclusion,  the  writer  draws  the  following  deductions : 
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( I  )  That  an  impact  tube,  whose  impin.i;in<^  surface  is  one  of 
revohition,  converts  velocity  head  into  static  head  exactly  acc(jrdin<^ 
to  tiK'  law  \'  —  V^gTi,  whatever  the  ])ressure  of  tlie  surmundinij 
fluid. 

(2)  That  only  jiressure  openings  which  j^ive  the  true  static 
head  of  water  should  he  used  in  connection  with  the  pijint  of  a  I'itcjt 
tube.  That  is  to  sa}-  that  only  tubes  wliich  have  unit\-  as  their  co- 
ef^cient  should  be  used. 

(3)  That  ritot  tubes  whose  constants  are  unitv  in  open  canal 
ratings  will  remain  unity,  whatever  the  pressure  of  th.e  liquid. 
Tubes  yi  and  X,  Fii^.  24,  are  of  this  type. 
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A  PLAX  TO  UTILIZE  UNEMPLOYED  LABOR. 


By  James  A.  Stewart,  Member,  Engineers'  Club  of  Cincinnati. 


[Read  before  the  Club,  May  23,  1901.*] 

]My  subject  is  somewhat  out  of  the  usual  hne  of  our  profes- 
sional work,  but  one  that  I  think  the  engineers  should  interest 
themselves  in. 

It  has  been  well  said  that  the  engineer's  duty  is  "to  adapt  the 
forces  of  nature  to  the  use  and  convenience  of  man." 

There  is  a  great  force  which,  properly  organized  and  managed, 
will  produce  wealth  sufficient  to  improve  immeasurably  the  condi- 
tion of  the  laborer  and  mechanic.  To  my  knowledge,  this  force  has 
never  been  organized  under  a  simple  system,  so  that  it  could  be 
made  productive  and  self-sustaining. 

In  this  and  in  foreign  countries,  efforts  have  been  and  are  still 
being  made  to  better  the  condition  of  man  through  political  eft"orts 
and  the  enactment  of  laws  establishing  labor  bureaus,  reducing  the 
hours  of  labor  and  making  appropriations  for  public  work.  This 
is  all  well  enough  so  far  as  it  goes,  but  I  believe  the  true  solution  of 
the  labor  problem  is  to  be  reached  through  the  efforts  of  man  in  a 
businesslike  way,  without  the  aid  of  any  laws  or  financial  assist- 
ance from  political  governments. 

The  human  force,  physical  and  mental,  that  is  lost  in  idleness 
for  lack  of  opportunity  or  means  of  being  employed  is,  in  my 
opinion,  great  enough  to  produce  the  wealth  of  a  corporation  or 
trust  equal  in  magnitude  to  any  of  the  trusts  now  in  existence. 

Politicians,  labor  agitators  and  economic  writers  are  trying  to 
solve  this  problem.  I  believe  that  it  is  a  problem  in  engineering, 
and  should  be  taken  up,  studied  and  solved  by  the  profession.  No 
body  of  men  comes  in  closer  contact  with  the  laboring  classes  than 
the  engineers.  No  one  is  in  a  better  position  to  judge  of  the  value 
and  magnitude  of  their  efforts  than  is  the  engineer. 

He  it  is  who  prepares  the  plans  and  specifications  for  all  im- 
provements and  starts  the  army  of  laborers  and  mechanics  to  work. 
Under  his  constant  supervision  they  bring  the  improvement  to  a 
successful  completion,  and  then  very  often,  though  not  always,  it 
becomes  his  duty  to  organize  and  superintend  the  operating  forces. 

So  that,  in  the  line  of  his  duties,  it  falls  to  his  lot  to  be  closely 
identified  with  an  enterprise  from  the  time  it  originates  in  the  pro- 
moter's brain  through  all  the  dift'erent  stages  of  development,  from 
unimproved  land  to  wealth  yielding  an  income  to  the  capitalist. 

*Manuscript    received   July    31,    1901. — Secretary.    Ass'n    of   Eng.    Socs. 
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Tliere  his  duties  g'cncrally  end.  He  is  not  consulted  in  regard  to 
the  chppinq-  of  coupons,  as  he  was  never  known  to  have  any  of  his 
own  to  cHp,  and  he  therefore  lacks  the  necessary  experience, 
through  no  fault  of  his,  however. 

Now,  there  are  reasons  why  we  have  no  coujjons  to  clip,  and 
each  individual  can  no  doubt  look  back  over  his  experiences  and  in 
one  way  or  another  account  for  his  lack  of  wealth.  We  shall  na 
doubt  find  many  reasons,  and  each  individual's  reason  may  be 
different  from  the  others ;  but  I  believe  there  is  one  reason  common 
to  us  all,  and  if  we  can  prepare  plans  and  specifications  by  which 
this  reason  can  be  obviated  we  shall  have  solved  the  problem  of  the 
"unemployed." 

This  underlying  reason,  common  to  all,  is  time  lost  in  idleness, 
or  in  not  being  engaged  in  profitable  employment.  If  each  indi- 
vidual will  estimate  the  number  of  months  lost  at  the  average  rate 
of  his  salary  during  seasons  of  his  employment,  or,  if  engaged  in 
private  business,  the  amount  of  work  he  might  have  done  had  it 
been  off'ered  him  at  a  reasonable  profit,  I  think  the  total  will  be  a 
sum  great  enough  to  have  paid  for  a  comfortable  home  free  of 
incumbrance. 

The  home  is  the  foundation  of  civilization.  It  represents  the 
wealth  of  nations  and  of  municipalities,  upon  which  their  bonds 
and  credit  are  based. 

Each  individual  or  family  must  have  a  home,  whether  it  be 
one  room  in  a  crowded  tenement  house  or  a  mansion  in  the  suburbs, 
and  the  location  and  character  of  the  home  is  a  fair  barometer  of 
the  social  condition  of  the  occupants. 

Now,  admitting  that  the  home  is  a  prime  necessity  to  all,  and 
that  our  weak  financial  condition  is  due,  in  part,  to  time  lost  in  idle- 
ness, the  problem  to  solve  is,  can  we  utilize  our  idle  time  in  thei 
securing  of  a  home?     If  so,  how,  when  and  where? 

The  engineers  and  architects  are  respectfully  requested  to  sub- 
mit plans  and  specifications  for  the  solution  of  this  problem. 

I  am  going  to  present  for  your  consideration  to-night  a  plan 
which  I  believe  will  help  solve  the  problem,  and  which,  if  taken  up, 
studied  and  improved  upon  by  the  profession,  will  lead  to  gratifying 
results.  Upon  the  efforts  of  the  laborer  and  mechanic  depend  the 
success  of  our  work,  and  we  should  give  our  best  eft'orts  to  the 
amelioration  of  their  condition. 

If  I  can  present  one  single  idea  that  will  tend  to  make  work 

for  any  one  out  of  employment,  my  effort  will  not  have  been  in  vain. 

Statistics  show  that  70  per  cent,  of  the  people  do  not  own  a 

home,  and  I  propose  to  build  homes  for  these  people  by  the  co- 
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operation  of  landowners,  material  men,  merchants  and  unemployed 
laborers  and  mechanics. 

I  would  organize  a  savings  and  a  building  company,  the  object 
of  which  would  be  to  assure  the  accumulation  of  an  estate  to  each 
of  its  shareholders  by  giving  him  employment  at  or  in  his  own 
trade,  profession  or  business  when  he  is  out  of  employment,  or  giv- 
ing him  an  opportunity  to  increase  his  business  in  dull  seasons. 
The  result  of  this  labor  to  be  deposited  with  the  company  and 
invested  by  it  in  the  manner  best  calculated  to  secure  to  each 
depositor  fair  dividends  on  the  result  of  his  labor. 

The  afifairs  of  the  company  are  to  be  managed  by  a  Board  of 
Directors,  thoroughly  conversant  with  land  values,  cost  of  material 
and  labor,  experienced  in  public  works  and  having  the  confidence 
of  the  people. 

1  think  there  would  l)e  little  trouble  in  securing  all  the  land 
necessary,  and  about  50  per  cent,  of  the  material  and  labor  can  be 
secured.  Money  would  have  to  be  secured  to  make  up  the  remain- 
ing cost  of  material  and  labor  at  the  start,  but  after  the  confidence 
of  the  public  was  once  established  little  actual  money  would  be 
needed.  A  simple  system  of  exchange  of  credits  is  all  that  is 
necessary.  When  an  individual's  credit  amounts  to  the  value  of  a 
house,  he  could  be  given  a  deed  to  the  property  and  his  account 
balanced.  The  rentals  from  ten  to  twenty  houses  would  pay  from 
4  to  6  per  cent,  on  the  investment,  and  members  not  wishing  a  home 
would  be  satisfied  with  that  and  would  leave  their  principal  to  be 
used  in  the  business. 

To  give  you  an  idea  of  the  wealth  that  might  Ije  produced  in  a 
year,  I  will  give  you  the  difference  in  cost  of  buildings  erected  in 
Cincinnati  in  1898  and  1899.  as  shown  by  figures  from  the  Building 
Inspector's  office : 

In  1899  the  total  cost  of  structures  was $2,378,000 

In  1898  the  total  cost  of  structures  was 1,736,000 

The  dift'erence   was $642,000 

This  dift'erence  approximately  represents  one  year's  loss  of 
material  wealth  in  the  building  trade  alone  for  the  lack  of  oppor- 
tunity to  invest  labor  and  material  in  productive  enterprises.  The 
same  labor  that  produced  $2,378,000  of  wealth  in  1899  was  willing 
and  anxious  to  have  produced  the  same  amount  in  1898. 

It  is  an  indisputable  fact  that  a  majority  of  the  people  living  in 
the  tenement  house  are  the  people  whose  labor  is  necessary  for  the 
construction  of  homes,  and  this  labor  is  idle  about  three  months  in 
a  year.     This  enforced  idleness  keeps  them  in  poverty  when,  b}' 
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co-operation  with  land  owners,  material  men  and  merchants  who 
wish  to  increase  their  business,  they  could  utilize  their  labor  during 
that  time  in  the  construction  of  a  home.  Three  months  of  enforced 
idleness,  for  the  labor  engag-ed  in  home-buildinf;f,  represents  a  loss 
to  that  labor  in  material  wealth  of  about  $1500. 

Distributed  amoii^-  the  different  classes  of  labor  as  follows: 
Common  labor,  about  $90;  bricklayers,  about  $216,  and  others  in 
similar  proportions,  one  day's  labor,  invested  at  6  per  cent.,  will 
double  in  twelve  years. 

The  laborer,  at  $1.50  per  day,  for  sixty  days  in  the  year,  would 
accumulate  about  $1700.  A  very  comfortable  home  can  be  built 
for  that  amount  of  money,  and  the  better  paid  labor  could  secure  a 
better  home  in  less  time.  Banks  and  building  associations  arc  pay- 
ing larger  dividends  than  this. 

It  is  possible  for  all  men  engaged  in  the  building  trades  to 
become  the  owners  of  their  homes  in  less  than  ten  years,  and  they 
will  have  been  paid  for  in  labor  performed  in  time  that  would 
otherwise  have  been  spent  in  enforced  idleness. 

How  many  have  been  able  to  build  a  home  and  have  it  free 
from  incumbrance  in  that  time  by  borrowing  money  from  a  build- 
ing or  loan  association  or  savings  bank?  A  very  small  percentage, 
T  think. 

The  average  time  required  to  obtain  a  home  on  the  instalment 
plan  will  exceed  fifteen  years,  and  the  amount  paid  in  interest  and 
premium  in  that  time  will  have  doubled  the  cost  of  the  home. 
And  many  an  unfortunate  one  has  lost  his  home  and  all  payments 
made  thereon  because  he  could  not  keep  up  his  interest,  premium 
and  dues.  The  old  story,  money  scarce,  dull  times,  no  work  for 
laboring  men  or  mechanics. 

Did  you  ever  stop  to  think  how  simple  and  easy  it  has  been 
made  for  the  people  to  invest  their  idle  capital  in  the  form  of  money, 
and  how  hard  for  them  to  invest  their  idle  capital  in  the  form  of 
labor,  the  source  of  all  capital  ? 

If  you  have  $1000  or  more  of  idle  capital  in  money,  it  will  not 
take  you  more  than  one  hour  to  get  to  a  savings  bank  and  trust 
company  where  you  can  deposit  the  money  and  draw  about  4  per 
cent,  interest  on  it  from  the  day  of  deposit. 

If  you  have  $1  per  week  idle  capital  in  money  you  can  deposit 
it  weekly  in  a  building  and  loan  association  which  meets  near  your 
home,  and  will  ])ay  you  semi-annuall\'  about  6  per  cent,  interest  on 
your  money. 

In  building  a  home,  you  start  all  the  wheels  of  industry  to 
moving.     Stone  must  be  quarried  from  the  hill,  brick  made  from 
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the  original  clay,  trees  felled  in  the  forest,  iron  and  lead  taken  from 
the  mines ;  that  which  is  not  produced  at  home  must  be  shipped  by 
rail  or  water  to  its  destination.  The  engineer  surveys  the  lot  and 
stakes  out  the  house ;  the  architect  prepares  plans  and  specifications  ; 
the  laborers  dig  the  cellar ;  teamsters  haul  the  material  to  the  site, 
and  skilled  mechanics  in  their  respective  branches  erect  the  home. 
With  this  labor  engaged  in  productive  enterprise,  it  will  necessarily 
increase  the  labor  engaged  in  distributing  enterprise  and  improve 
the  business  of  merchants. 

Until  we  have  built  homes  for  70  per  cent,  of  the  people  who 
now  live  in  rented  property,  I  see  no  good  reason  for  men  being  out 
of  employment  or  merchants  not  doing  a  profitable  business.  Put 
men  to  work  in  a  productive  enterprise  and  establish  a  system  of 
credits  with  the  home  as  the  basis,  which  will  have  the  confidence  of 
the  public,  and  I  believe  the  profits  in  ten  years  would  exceed  that 
of  the  savings  banks,  and  they  are  not  small.  The  Union  Saving 
Bank  and  Trust  Co.'s  profits  are  in  part  represented  by  the  sky- 
scraper, and  that  will  be  a  dividend  ])roducer  for  many  years  to 
come. 

Now,  in  conclusion,  allow  me  to  request  you  to  think  of  this 
plan  (if  you  think  of  it  at  all)  as  a  business  proposition,  and  a 
business  proposition  only.  Do  not  look  upon  it  as  a  socialistic 
measure  or  a  political  reform  of  any  kind.  The  only  difference 
between  this  proposition  and  a  banking  institution  is  that  one 
accepts  money  deposits  while  the  other  accepts  money,  material  and 
labor  deposits,  and  they  would  both  invest  their  capital  in  the  same 
manner. 

I  trust  that  this  Club  will  not  deem  my  plan  Utopian.  All 
reforms  have  been  regarded  as  futile  until  carried  to  a  successful 
issue.  There  can  be  no  nobler  work  for  the  engineer  than  to  devise 
some  kind  of  a  scheme  to  capitalize  the  energies  of  the  self-respect- 
ing fellow-laborer  out  of  employment. 
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Bcniaiiiiii  Tlioiuas  Lacy. 


^[EMnEK,  Technical  Society  of  the  Pacific  Coast. 


1"Ii:njamin  Thomas  Lacy,  a  member  of 
I  he  Technical  Society  of  the  Pacific  Coast, 
died  at  his  residence  in  San  Francisco  on  the 
2 1  St  of  May  last.  He  was  long  and  widely 
known  to  the  membership,  and  did  much  to 
promote  the  practical  objects  of  this  Associa- 
tion, both  as  a  merchant  and  as  an  engineer. 
His  unbounded  energy  and  assiduous  labor  in 
conducting  the  business  of  the  Park  &  Lacy 
Company,  of  which  he  was  the  president  and 
chief  owner,  was  nj  doubt  one  of  the  causes  that  led  to  his  death  at 
the  early  age  of  fifty-six  years. 

!Mr.  Lacy  was  born  in  1846,  at  Wexford,  on  the  east  coast  of 
Ireland,  from  which  the  family  removed  to  Liverpool,  England, 
where  ]Mr.  Lacy  was  educated  and  apprenticed  to  an  engineering 
firm  in  that  city,  serving  seven  years  and  passing  through  the 
regular  course,  including  the  various  departments,  as  is  the  custom 
there.  This  training  laid  the  foundation  of  his  business  life, 
because,  while  known  here  mainly  as  a  merchant,  he  was  neverthe- 
less thoroughly  acquainted  with  the  construction  and  operation  of 
all  kinds  of  machinery,  and  has  always  maintained  an  engineering 
department  in  his  business. 

He  came  to  this  country  in  1867,  and  was  engaged  in  the  early 
development  of  pneumatic  drilling  machines  and  compressors  at 
Fitchburg,  ]\Iass.,  and  afterward  at  many  places  in  this  country  in 
erecting  and  operating  this  class  of  machinery.  He  also  went  to 
Europe,  and  at  the  Mont  Cenis  Tunnel  superintended  the  installa- 
tion of  the  American  rock-drilling  machines.  He  then  came  to 
Nevada  to  introduce  pneumatic  machinery  in  the  construction  of 
the  great  Sutro  Tunnel  at  A'irginia  City.  When  there  he  met  Mr. 
Lyman  C.  Park,  with  whom  a  partnership  was  formed  to  deal  in 
machinery  and  mining  supplies  in  San  Francisco.  This  firm  pros- 
pered, and  established  branches  at  Salt  Lake  City,  at  Portland,  Ore., 
and  at  Sydney,  New  South  Wales.  There  have  indeed  been  few 
if  any  firms  on  this  coast  that  have  ventured  so  far  afield  or  taken 
so  comprehensive  a  view  of  the  trade  in  any  line  of  business. 
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About  ten  years  ago  he  purchased  the  interest  of  ^Ir.  Park, 
and  later  on  founded  an  incorporated  company  with  a  view  of  some 
rehef  from  labor  and  care  involved  in  the  management  of  the  exten- 
sive business ;  liut  the  strain  had  lieen  too  great  and  had  sapped  his 
vital  powers,  j^roducing  organic  disease  that  his  vigor  could  not 
overcome. 

Mr.  Lacy's  environment  had  always  been  of  an  engineering 
nature.  Mrs.  Lacy  was  of  the  Canning  family  that  for  several 
generations  were  noted  engineers  and  millwrights  in  the  North  of 
Ireland,  she  having  eight  brothers  all  in  this  pursuit. 

Your  committee  is  glad  to  present  this  tribute  to  one  who  was 
a  prominent  and  valued  meml:)er  of  our  Society,  wdio  has  done  much 
and  his  full  share  to  promote  the  interests  of  engineering  on  this 
coast  as  well  as  that  of  the  Technical  Society. 

Respectfully  submitted, 

J.  Richards^ 
G.  W.  Decker, 
Geo.  E.  Dow, 

Committee. 
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ELECTRIC   POAVER   TR  VXSM ISSIOX. 


By  Lehman  B.  Hoit,  Member  Civil  Engineers'  Club  of  Cleveland. 


[Read  before  the  Club,  May  14,  1901.*] 
The  use  of  electricity  for  the  transmission  of  power  has  be- 
come an  attractive  problem,  especially  since  the  general  introduc- 
tion of  electric  lig-hting  has  rendered  the  installation  of  some 
kind  of  generating-  plant  a  necessity.  The  progress  which  has 
been  made  within  the  last  few  years  in  the  centralization  of 
power-generating  units,  in  the  abandonment  of  long  and  heavy 
lines  of  shafting  and  in  the  elimination  of  complicated  belt  drives 
makes  it  self-evident  that  this  form  of  power  transmission  has 
entered  upon  a  new  phase  of  development.  As  a  result  of  this 
modern  advance  in  the  use  of  electricity  for  power  transmission, 
the  methods  of  applying  and  controlling  have  become  matters  of 
ever-increasing  importance. 

That  this  subject  is  far  more  than  a  technical  problem  of 
engineering  is  evinced  by  the  exhaustive  study  and  experiments 
made  by  our  ablest  mechanical  and  electrical  engineers.  While 
the  results  of  their  investigations  and  experiments  have  been 
very  gratifying,  and  have  borne  fruit  in  many  directions,  there 
is  still  open  a  wide  held  for  improvement.  Unfortunately, 
the  general  trend  of  investigation  has  been  upon  the  lines  of  the 
character  of  the  current  to  be  used  in  power  transmission  rather 
than  in  its  application. 

This  controversy,  however,  has  awakened  the  interest  of 
those  closely  associated  with  the  development  of  electrical  ma- 

*Instructions  to  publish  received  August  23,  1901. — Sec'y,  Ass'n  of  Eng.  Socs. 
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chinery;  but  the  arguments  advanced  by  the  advocates  of  one 
system  or  the  other,  which  constitute  the  bulk  of  Hterature  avail- 
able on  the  subject,  concern  the  improved  methods  of  generating 
and  transmitting  this  energy,  and  not  its  application  and  control. 
The  arguments  in  favor  of  the  direct  current  system  over  the 
alternating  current  system,  and  z'icc  I'crsa,  have  been  of  a 
technical  rather  than  a  commercial  value,  and,  as  a  result,  the 
purchaser  has  had  little  opportunity,  owing  to  his  limited  knowl- 
edge of  the  subject,  to  exercise  his  judgment  in  the  matter. 
W'lien  he  is  inclined  to  suggest  improvements  in  his  own  plant 
in  the  use  of  either  the  alternating  or  direct  current  apparatus, 
along  the  lines  he  has  found  acceptable  in  those  of  other  locations, 
he  finds  that  the  circumstances  are  so  different  that  it  is  difficult  for 
him  to  determine  which  system  is  more  applicable  to  his  require- 
ments. 

It  would  be  well,  therefore,  to  let  the  person  interested  in 
the  use  of  electric  power  transmission  place  in  one  colimin  the 
features  in  which  the  direct  and  alternating  current  machines  are 
alike,  and  in  another  those  in  wliich  they  differ,  and  the  results 
will  surprise  him.  Speaking  generally,  it  is  safe  to  say  that 
direct  and  alternating  current  machinery  manifests  like  rather 
than  unlike  characteristics,  so  there  is  really  no  justification  in  the 
stand  taken  by  one  advocate  or  the  other,  simply  because  of  a  sup- 
posed difference  in  the  efficiencies  of  the  two  systems. 

The  prevailing  defect  in  the  treatment  of  the  direct  or  alter- 
nating current  transmission  is  the  failure  to  observe  that  neither 
system  is  capable  of  universal  application.  Hence,  the  question 
of  the  best  system  for  general  use  is  a  problem  of  great  com- 
plexity, because  we  must  take  into  account  at  once  the  relative 
values  of  the  different  systems  as  regards  different  conditions. 
The  difficulties  encountered  in  one  location  are  not  always  of 
the  same  kind  as  those  met  with  in  another,  and  it  would  be  folly 
to  pass  judgment  on  the  efficiency  of  one  system  over  the  other 
without  considering  them  from  the  same  standpoint,  or  under  the 
same  conditions.  Every  intelligent  person  will  admit  that  condi- 
tions may  differ  in  this  particular  field  of  engineering  to  the 
same  extent  as  in  others,  and  that  neither  the  theory  nor  the 
practice  can  be  sound  which  takes  no  cognizance  of  the  differ- 
ences. 

It  would  seem,  therefore,  that  the  first  requisite  for  intelligent 
action  in  formulating  methods  of  electric  power  transmission 
is  an  accurate  and  comprehensive  knowledge  of  the  existing  con- 
ditions.    It  becomes,  then,  a  matter  of  great  importance,  first, 
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to  recognize  tliat  under  all  conditions  the  power  generated  and 
transmitted  costs  something  and  has  a  value,  and,  secondly, 
that  the  power  imparted  to  the  motor  mechanism  has  a  value  in 
proportion  to  the  use  made  of  it.  With  these  data,  a  founda- 
tion will  be  laid  for  deciding  whether,  when  the  results  are  not 
what  they  ought  to  be,  a  remedy  should  be  sought,  first,  by  sub- 
stituting one  form  of  current  for  the  other,  or,  secondly,  by 
modifying  the  conditions  so  as  to  make  the  values  of  transmission 
what  they  ought  to  be. 

It  is  not  my  purpose,  however,  to  discuss  which  form  of  cur- 
rent should  be  employed  to  produce  the  highest  efficiency,  nor  to 
recommend  any  special  type  of  machinery,  but,  rather,  to  call 
your  attention  to  the  several  ways  in  which  losses  occur  in  the 
use  of  the  power  electrically  transmitted.  While  it  may  seem 
necessary,  in  order  to  elucidate  all  the  conditions  which  involve 
loss  of  efficiency,  to  enter  into  the  discussion  of  the  power  plant  as 
a  whole,  the  subject  embraces  topics  of  so  diversified  a  character, 
and  so  extensive  in  their  bearing,  that  it  would  be  inconsistent 
with  my  proposed  limit  to  do  more  than  briefly  illustrate  the 
several  methods  of  application  and  control,  and  the  way  in  which 
losses  occur. 

The  word  "loss,"  used  in  connection  with  this  subject,  should 
not,  however,  mislead  us,  nor  should  we  consider  it  as  a  principal 
factor  in  the  operation  of  this  form  of  power  transmission;  be- 
cause, in  many  cases  where  the  difference  in  cost  between  the 
power  produced  and  the  results  obtained  are  not  excessive,  the 
difference  is  principally  a  price  paid  for  services  rendered,  and 
there  is  no  loss. 

While  the  application  and  control  of  this  energy  were  the 
last  of  the  several  requisites  considered  in  the  early  installations, 
the  order  of  things  is  at  the  present  time  reversed.  This  re- 
versal is  due  to  the  fact  that  the  question  of  economical  use  of 
the  power  transmitted  has  become  a  far  more  important  factor 
than  the  cost  of  production  in  the  early  installations.  The  ques- 
tion of  efficiency,  in  the  application  and  control  of  the  power 
transmitted,  was  of  less  importance  than  was  its  use;  but  as  the 
introduction  of  this  form  of  energy  became  more  general,  and  its 
functions  better  understood,  comparisons  were  made  between 
the  cost  of  generating  power  and  the  amount  of  work  performed 
by  it.  It  was  found  that  these  two  factors  formed  a  very  wide 
parallel  in  many  of  the  installations,  due  to  the  fact  that  the 
power  was  wasted  simply  because  the  means  of  saving  it  were 
not  known. 
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With  the  gradual  increase  in  the  size  of  the  generating  plants, 
and  the  increase  in  the  number  of  motors,  the  cost  of  operating 
was  more  carefully  considered,  and  this  stimulated  a  closer  study 
of  the  efficiency  of  the  various  methods  of  application  and  control. 
In  considering  the  use  of  electric  power  transmission  at  the  pres- 
ent day,  there  are  two  ends  to  the  question  of  economy,  with 
a  middle  of  some  magnitude.  The  practical  efficiency  of  electric 
power  transmission  over  the  old  method  suggested  the  centraliza- 
tion of  the  steam  plant,  and  the  rearrangement  and  location  of 
machinery  suggested  the  use  of  motors,  while  these  two  sugges- 
tions, joined  together,  determined,  in  a  measure,  the  methods 
to  be  employed  in  order  to  secure  the  best  results  for  the  money 
invested. 

With  these  facts  before  us,  we  are  prepared  to  determine  the 
efficiency  of  the  several  methods  used  in  the  application  and 
control  of  the  power  transmitted,  and  to  fix  a  certain  value  for 
the  work  performed.  To  bring  this  matter  still  closer,  and  to 
emphasize  the  importance  of  considering  the  several  methods 
employed  for  the  economical  use  of  the  current,  it  seems  neces- 
sary to  define  the  formula  which  concerns  the  question  of  ef- 
ficiency. We  cannot  do  this,  however,  without  determining  the 
z'alue  or  utility  of  the  current  in  relation  to  its  employment  under 
different  conditions  of  service.  Let  us,  therefore,  decide  that  the 
vahie  of  electricity,  as  a  medium  of  transmitting  power,  rests 
primarily  in  its  application,  as  compared  with  some  other  form 
of  transmission,  and  its  utility  in  the  degree  to  which  it  can  be  con- 
trolled compared  with  some  other  pozvcr.  The  z'ahie  and  utility 
of  electric  power  transmission,  when  considered  from  one  stand- 
point, are  inseparable,  while  from  another  they  are  no  more 
to  be  confounded  than  any  other  two  distinct  things. 

We  will  readily  understand  the  value  and  utility  of  electricity 
as  a  medium  of  transmission  by  considering  the  methods  used 
at  the  present  time  for  operating  and  controlling  the  power  in 
connection  with  variable  speed  machines.  For  convenience  we 
shall  divide  these  under  three  general  heads,  namely: 

First.     Belt  transmission  with  mechanical  speed  control. 

Second.  Direct  connected  transmission  with  rheostatic 
control. 

Third.  Direct  connected  transmission  with  multiple  voltage 
control. 

Mechanical  Speed  Control.  This  method  of  applying  and  con- 
trolling the  power  transmitted  requires  no  special  mention,  for 
the  reason  that  every  one  interested  in  mechanical  and  electrical 
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engineering  is  familiar  with  the  systems  now  in  vogue.  The 
only  distinctive  feature  which  this  form  of  transmission  possesses 
over  the  old  system  of  direct  line  shafting  rests  in  the  reduction 
of  frictional  losses  incident  to  the  construction.  The  same 
counter-shaft  losses  which,  in  many  plants,  amount  to  nearly 
double  that  of  the  main  line  are  present,  and  must  be  taken  into 
consideration  as  a  troublesome  factor.  No  particular  economy 
is  obtained  in  this  method  of  applying  and  controlling  the  power 
transmitted,  except  in  the  way  of  cutting  out  one  or  more  groups 
of  machinery  that  are  not  in  constant  use,  and  in  shutting  down 
the  motor  during  periods  of  delay.  There  are  other  features, 
of  course,  which  make  this  form  of  transmission  desirable,  not- 
withstanding the  fact  that  the  excessive  losses  of  countershafting 
and  belting  are  realized.  There  can  be  no  question  as  to  the 
advantage  of  electricity  in  many  instances,  for  the  reason  that  it 
is  the  only  agency  of  transmission  available.  But  these  facts 
are  generally  understood,  and  the  value  of  electricity,  as  a  means 
of  transmitting  power,  is  proportionate  to  the  benefits  derived. 
Therefore,  it  is  valuable.  Its  utility,  however,  under  these  condi- 
tions is  questionable,  because  electricity  makes  open  confession 
of  its  inability  to  do  intermittent  work  or  to  give  variable  speeds 
at  constant  voltage  without  loss.  Then,  again,  when  the  factor 
of  time,  in  changing  the  speed  of  machines  mechanically,  is  taken 
into  account,  this  form  of  transmission  has  no  particular  advan- 
tage over  any  other  system,  except  perhaps  in  its  being  able  to 
make  a  virtue  of  a  necessity. 

In  the  installation  of  a  system  of  this  character,  much  de- 
pends upon  the  arrangement  of  the  motor  in  relation  to  the  ma- 
chines that  are  to  be  operated.  Tlie  grouping  of  the  machines, 
of  course,  will  depend  upon  the  length  of  time  each  is  in  com- 
mission during  a  given  part  of  the  day.  But  this  method  has  its 
limits,  and  it  is  a  question  of  a  very  short  time  when  all  forms 
of  belting  will  be  eliminated.  To  meet  the  growing  demand  for 
motor-driven  tools,  the  machine  builders  are  hard  at  work  trying 
to  design  proper  speed  variation  which  can  be  attached  mechan- 
ically from  a  constant  speed  motor.  There  is  nothing  at  present 
to  recommend  in  this  line,  but,  undoubtedly  something  will  be 
gotten   up  in  the  near  future  to  suit  these  conditions. 

Rhcosfatic  Control.  This  system  was  suggested  as  a  means 
of  controlling  the  motors  applied  directly  to  individual  machines, 
and  as  a  method  of  eliminating  the  countershafts  and  their  belt 
connections.  It  was,  however,  a  step  in  the  wrong  direction,  as 
experience  proved. 
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The  supposition  that  the  speed  of  the  motor  could  be  re- 
duced to  meet  the  various  conditions  of  service,  by  inserting  an 
external  ohmic  resistance  in  the  armature  circuits,  is  not  borne 
out  by  the  facts.  It  is  found  that  while  the  motors  would  operate 
at  substantially  the  same  speed  under  variable  loads,  when  the 
speed  of  the  motor  was  normal,  the  ohmic  resistance  inserted  de- 
stroyed proper  regulation  and  it  conld  not  be  automatically  con- 
trolled. In  order  to  maintain  a  standard  speed  less  than  the 
normal  speed  of  the  motor,  it  is  necessary  to  move  the  lever  of 
the  speed  regulator  by  hand  each  and  every  time  the  load  changes 
on  the  motor. 

Another  peculiarity  in  speed  variation  is  the  fact  that  the 
power  required  on  some  kinds  of  machinery  when  running  slowly 
takes  almost  as  much  current  as  at  full  speed.  Whenever  the 
load  driven  by  the  motor  varies  greatly,  the  regulation  of  its  speed 
by  means  of  external  resistance  in  the  armature  circuit  is  almost 
sure  to  be  more  or  less  unsatisfactory,  except,  of  course,  where 
an  attendant  is  always  present,  as,  for  example,  in  operating 
cranes,  elevators,  etc. 

Many  attempts  have  been  made  by  the  manufacturers  of 
speed-controlling  rheostats  to  devise  some  form  of  mechanism  in 
which  these  objectionable  features  would  be  overcome.  It  is 
difficult,  however,  to  understand  how  this  may  be  accomplished, 
because  the  underlying  principles  of  controlling  any  current, 
where  its  voltage  is  constant,  are  exactly  the  same  as  the  regula- 
tion of  water  pressure  where  the  supply  is  constant  and  the  de- 
mand variable.  The  relief  valve  used  in  hydraulics  has  its  de- 
fects, notwithstanding  the  fact  that  many  years  of  study  and 
experiment  have  been  consumed  in  endeavoring  to  perfect  its 
fiiiiclions. 

But  the  control  of  the  motor  is  not  the  most  serious  draw- 
back in  the  use  of  regulating  rheostats,  for  when  the  speed  of 
the  motor  is  cut  down  by  resistance  in  the  armature  circuit,  all 
current  consumed  in  the  resistance  box  is  wasted.  It  is  very  much 
like  putting  a  friction  brake  on  the  fly  wheel  of  an  engine  in  order 
to  vary  its  speed,  instead  of  adjusting  the  governor.  Such  prac- 
tice as  this  means  an  enormous  waste  of  current,  which  must  be 
dissipated  in  the  rheostat,  consequently  the  efficiency  of  a  motor 
operated  under  these  conditions  falls  considerably  below  that  of 
a  very  poorly  constructed  line  shaft  and  belt  transmission.  To 
bring  this  matter  out  more  clearly  it  might  be  well  to  give  the 
efficiency  of  a  motor  operated  with  rheostatic  control.  The  motor 
tested  was  designed  to  run  at  480  revolutions  at  normal  speed, 
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and  its  efficiency  at  this  speed  and  under  full  load  was  about  90  per 
cent.,  which  is  as  high  as  is  found  in  motors  of  good  construction. 
At  one-sixth  of  its  normal  speed,  or  80  revolutions,  the  efficiency 
01  the  motor  was  only  12  per  cent.,  showing  that  86  per  cent,  of  its 
output  power  was  lost  in  the  rheostat. 

W'c  feci  justifietl,  therefore,  in  saying  that  the  rheostat  is 
unsatisfactory,  as  regards  both  its  ability  to  regulate  the  speed 
of  the  motor  and  its  inability  to  lower  the  voltage,  which  it  must 
do  in  order  to  obtain  variation  in  speed  without  excessive  loss 
of  current.  It  would  not  be  mconsistent  with  the  facts,  therefore, 
to  state  that,  by  the  use  of  this  method  of  control,  electric  trans- 
mission possesses  neither  valiiv  nor  iilility. 

Multiple  I'vltagc  Control.  The  gain  in  the  economical  use  of 
power,  attributable  to  the  adoption  of  electricity  as  an  agency 
of  transmission,  carries  with  it  some  uncertainty  when  its  ap- 
plication to  motors  connected  to  variable  speed  machines  de- 
pends upon  some  form  of  mechanical  or  electrical  control.  The 
first  method  of  application  and  control  of  the  current  supply 
has  some  advantage  over  the  second,  or  rheostatic  control,  but 
neither  has  any  particular  field  of  usefulness  or  adaptability. 
Realizing  the  importance  of  the  full  control  of  the  power  trans- 
mitted as  an  indispensable  factor  in  the  economical  operation 
of  the  plant,  other  methods  were  sought.  All  circumstances 
seemed  particularly  to  invite  the  application  of  some  system  in 
which  the  speed  of  the  motor  could  be  controlled  by  an  econom- 
ical method  of  changing  the  voltage. 

The  Bullock  Electric  Manufacturing  Company  was  the 
first  to  give  this  subject  consideration,  and  was  successful  in  de- 
vising a  system  in  which  all  the  objectionable  features  of  the 
mechanical  or  rheostatic  control  were  eliminated.  The  principal 
feature  of  its  system  is  the  means  of  varying  the  speed  of  the 
motor  by  generating  currents  of  different  voltage.  This  system 
of  multiple  voltage,  because  of  its  general  adaptability  to  old 
installations  as  well  as  new,  marks  it  as  the  coming  method  of 
controlling  the  speed  of  the  motor  connected  to  variable  speed 
machines.  While  this  is  not  new,  there  are,  perhaps,  some  features 
connected  with  it  that  are  not  fully  understood.  It,  therefore, 
seems  proper  to  explain  briefly  its  functions  in  order  to  compare 
the  various  systems. 

This  system  of  multiple  voltage  control  is  one  which  is 
adapted  to  varying  the  speeds  of  the  motor  by  supplying  the 
armature  circuit  with  different  voltages  while  the  fields  are  con- 
stantly excited  from  any  one  specific  voltage.     The  advantage 
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of  this  system  over  the  two  systems  just  described  are,  first,  it 
gives  the  motor  a  constant  torque,  regardless  of  the  speed;  sec-, 
ond,  when  the  motor  is  set  to  run  at  any  one  speed,  it  will  run  at 
this  speed,  regardless  of  the  load,  and,  third,  the  different  speeds 
are  obtained  without  passing  the  current  through  any  resistance. 
Considering  this  system  as  applied  to  existing  installations,  one 
of  the  most  important  features  is  that  any  motor  can  be  run  on 
the  multiple  voltage  system,  as  it  requires  no  change  whatever 
in  the  motor.  To  illustrate  one  method  of  supplying  the  different 
voltages  wliich,  in  a  measure,  is  the  form  of  all  others,  your  at- 
tention is  called  to  the  arrangement  of  the  generators  shown  in 
Fig.  I.  This  consists  of  two  generators,  one  with  single  and 
one  with  double  commutators.     Generator  No.    i,  having  two 
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commutators,  is  wound  for  44  volts  and  66  volts,  and  generator 
No.  2,  for  140  volts.  It  will  be  seen  that  if  we  connect  the  arma- 
ture terminals  of  the  motor  across  A  and  B  the  armature  will 
receive  44  volts;  if  across  B  and  C,  66  volts;  if  across  A  and  C, 
no  volts;  if  across  C  and  D,  140  volts;  if  across  B  and  D,  206 
volts,  and  if  across  A  and  D,  250  volts.  This  gives  the  motor 
six  different  speeds.  As  the  speed  of  the  motor  is  almost  ex- 
actly in  proportion  to  the  voltage,  the  motor  will  vary  in  speed 
from  44  revolutions  to  250  revolutions,  or  in  this  ratio.  Constant 
speed  motors  would  be  connected  between  A  and  D,  giving  250 
volts  for  these  motors,  and  the  variable  speed  motors  would  take 
any  current  desired  to  give  the  different  speeds.  The  voltage  is 
selected  for  the  various  speeds  by  means  of  a  controller,  and  this 
may  be  so  arranged  that  the  motor  can  be  reversed  and  be  made 
to  run  at  six  speeds  in  either  direction  without  any  resistance 
whatever  from  the  circuit. 
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By  the  use  of  this  system,  the  motor  would  run  at  a  fixed 
speed,  regardless  of  the  load,  after  the  controller  was  once  set  for 
the  voltage  required  to  give  the  desired  speed.  The  torque  of  the 
motor  would  remain  constant,  regardless  of  the  speed,  whereas 
the  horse  power  would  vary  as  the  speed.  The  diagram  shown 
represents  what  is  termed  a  four-wire  system.  This  will  give 
six  variations  of  speed.  A  five-wire  system  will  give  ten  varia- 
tions, and  a  three-wire  system,  three  variations  of  speed,  if  the 
voltages  are  unequal.  Fig.  2,  which  shows  a  double  commutator 
machine  giving  44  and  66  volts,  would  give  three  voltages  for  the 
motor,  either  44,  66  or  no  volts.  In  the  majority  of  cases  the 
four-wire  system  will  answer  all  requirements.  In  some  cases  the 
three-wire  system  will  suit  the  conditions  of  service.  The 
system  we   have  just   described   covers   a   complete   installation 
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and  includes  the  generators.  Where  a  plant  is  equipped  with  a 
permanent  generating  unit,  it  is  a  simple  matter  to  arrange  this 
system  in  connection  with  it.  Fig.  3  illustrates  how  this  may 
be  accomplished.  Assuming  that  the  generator  is  delivering  the 
current  at  125  volts,  we  would  then  install  a  double  commutator 
belt-driven  generator  and  arrange  the  wiring  as  shown.  Across 
the  terminals  B  and  C  we  secure  44  volts;  across  C  and 
D,  66  volts;  across  B  and  D,  no  volts;  across  A  and  B,  125 
volts;  across  A  and  C,  169  volts,  and  across  A  and  D,  235  volts, 
and  the  speeds  would  be  proportional.  The  same  plan  can  be 
followed  whenever  the  present  source  of  supply  is  insuflficient  and 
some  additional  energy  is  required.  If  the  mains  are  for  250 
volts  instead  of  125,  the  transformer  would  be  wound  for  double 
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the  voltages,  and  if  for  500  volts,  for  four  times  the  voltages, 
giving  the  same  proportional  speeds  as  for  125  volts.  The  ef- 
ficiency of  this  system,  as  compared  with  the  rheostatic  control,  is 
best  illustrated  by  giving  the  value  of  the  curve  taken  from  a 
25-horse-power  motor  controlled  first  by  ordinary  rheostatic  con- 
trol, and  then  by  the  system  just  described.  The  ef^ciency  of  the 
motor  under  rheostatic  control  was  only  12  per  cent.,  whereas  with 
the  multiple  voltage  system  of  control  the  efficiency  was  70  per 
cent.  There  were  19,000  watts  lost  in  the  rheostat  at  this  point, 
whereas  there  were  only  11 50  watts  lost  with  the  multiple  voltage 
control,  the  rheostatic  loss  being  nearly  seventeen  times  as  great. 
The  reduction  of  the  speed  of  the  motor  in  both  instances  was 
one-sixth  of  its  normal  speed. 

The  particular  advantages  of  this  system  are  that  there  is  no 
loss  whatever  in  the  current  supplied,  and  that  the  machine  is 
imder  the  absolute  control  of  its  operator,  and  the  speeds  may  be 
changed  as  rapidly  as  required.  By  the  use  of  this  system  every 
loss  due  to  friction  of  countershaft  and  belting,  resistance  in 
rheostat  and  delays  incident  to  change  in  the  speed  of  the  ma- 
chine are  eliminated.  It  would  seem,  therefore,  that  this  system 
possesses  value  and  utility  in  its  application  and  control. 

In  conclusion,  I  would  say  that  the  methods  of  application 
and  control  described  seem  to  suggest  the  use  of  the  direct  cur- 
rent rather  than  the  alternating  current  for  operating  variable 
speed  machinery.  I  would  say,  however,  in  deference  to  the  pre- 
vailing idea  of  the  relation  of  the  direct  current  to  the  alternating 
current,  that  as  neither  is  a  power  transmitter  pure  and  simple, 
as  a  belt  or  cable  may  be  said  to  be,  and  as  both  are  capable  of 
performing  many  other  functions,  the  power-transmitting  capa- 
bilities of  each  have  special  fields  of  usefulness. 

DISCUSSION. 

Mr.  C.  H.  Benjamin.— I  am  obliged  to  approach  this  subject 
from  the  side  of  the  mechanical  engineer,  and  to  look  for  results 
rather  than  for  methods.  Although  it  is  generally  understood  that 
mechanical  transmission  is  wasteful, not  half  of  the  power  developed 
at  the  engine  usually  reaching  the  machine,  this  fact  does  not 
constitute  much  of  an  argument  for  electric  transmission. 

In  the  first  place,  the  cost  of  power  in  a  machine  shop  is 
usually  only  two  or  three  per  cent,  of  the  total  expense  account; 
in  the  second  place,  electric  transmission,  either  direct  current 
or  alternating,  either  individual  or  group  system,  does  not  show 
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a  marked  gain  in  economy.  The  average  loss,  in  individual 
motors  belted  to  large  machines,  is  about  25  per  cent.,  while 
motors  driving  groups  of  machines  through  line  shafts  show  a 
loss  of  from  40  to  50  per  cent.,  if  we  include  friction  of  shafting 
and  line  losses. 

I  am  glad  that  the  author  has  emphasized  the  application 
rather  than  the  generation,  and  especially  the  speed  control. 

When  a  shop  contains  a  large  number  of  small  machines  of 
approximately  the  same  character  and  of  constant  speed,  it  is 
cheaper  to  group  them  and  drive  them  by  short-line  shafts,  with 
one  motor  to  each  shaft,  no  motor  being  of  less  than  five  horse 
power.  For  this  class  of  work  the  induction  constant  speed  motor 
is  much  in  favor.  It  is  durable,  needs  little  attention,  is  not  in- 
jured by  dust  or  oil  and  never  sparks  or  burns  out. 

For  larger  machines,  consuming  five  horse  power  and  up- 
ward, it  is  more  convenient  and  more  economical  to  use  indi- 
vidual, variable  speed  motors,  either  belted  or  direct  connected. 
This  means,  of  course,  direct  current.  The  great  advantage  of 
electric  control  over  mechanical  is  in  its  greater  promptness.  It 
takes  time  to  shift  gears  and  belts,  which  frequently  means  that 
it  is  not  done,  and  loss  of  efificiency  results.  The  wastefulness  of 
rheostat  control  is  well  understood.  If  the  method  described 
by  the  author  will  secure  prompt  control  of  speed  and  constant 
torque,  without  too  much  expense,  it  will  be  of  great  advantage 
in  all  classes  of  heavy  machinery. 

Everything  that  saves  the  time  of  man  and  machine  is  of  im- 
portance. 

I  had  understood  that  similar  results  had  been  attained  by 
varying  the  strength  of  the  field,  i.e.,  by  what  has  been  called  com- 
mutating  the  field. 

Mr.  John  W.  Langley. — The  writer  of  this  paper  has  done 
good  service  in  directing  attention  to  the  importance  of  considering 
the  economy  of  the  application  of  electric  power,  as  well  as  the 
economy  of  its  transmission,  a  phase  of  the  subject  which,  as  he 
says,  is  very  often  overlooked. 

It  is  doubtless  true  that  an  undue  amount  of  attention  has 
been  given  to  the  question  of  loss  rather  than  to  the  more  impor- 
tant subject  of  the  availability  and  control  of  the  power  electrically 
delivered.  Loss,  however,  is  inherent  and  inevitable  in  any  sys- 
tem of  regulation.  In  the  method  of  rheostatic  control  the  feed- 
ing voltage  at  the  brushes  of  the  motor  is  reduced,  for  a  dimin- 
ished speed,  by  wasting  the  excess  by  a  resistance,  while  in  the 
method  of  variable  voltage,  recommended  by  the  author,  a  cer- 
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tain  loss  of  plant  efficiency  at  the  generating  end  is  implied,  for 
when  the  voltage  is  dropped  the  generators  do  less  work  and  the 
full  value  of  the  plant  installation  is  not  being  used. 

Theoretically,  the  ability  to  feed  the  motor  with  just  the 
voltage  adapted  to  its  speed  for  the  time  being  is  better  than  to 
obtain  this  same  voltage  by  wasting  a  fraction  of  a  supply  taken 
from  a  source  at  a  fixed  potential;  but,  since  the  variable  voltage 
plan  requires  specially  wound  generators  having  multiple  wind- 
ings, the  practical  economy  of  this  plan  takes  the  purely  com- 
mercial aspect  of  balancing  the  saving  in  rheostatic  losses  against 
the  expense  of  installing  special  dynamos,  good  only  for  this  par- 
ticular purpose,  and  running  them  on  the  average  below  their 
normal  plant  capacity,  and,  therefore,  at  less  than  their  normal 
efificiency. 
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Address  by  Alex.  Dow,  President  Detroit  Engineering  Society. 

[Delivered  at  the  annual  meeting,  April  12,  1901  *] 

The  Detroit  Engineering  Society  has  always  avoided  any 
semblance  of  political  action.  Wc  have  at  times  discussed  matters 
of  engineering  interest  so  closely  akin  to  what  we  recognize  as 
politics  that  our  discussion  took  a  distinctly  political  tinge,  but  the 
tendency  of  each  discussion  \vas  toward  the  education  of  our  mem- 
bers as  individuals  and  away  from  any  action  or  even  expression 
of  opinion  by  us  as  a  Society.  In  choosing  the  subject  of  this 
presidential  address  I  have  not  forgotten  our  laudalile  custom. 
The  intent  of  this  discourse  is  educational.  It  is  based  on  personal 
experience  and  observation  as  an  engineer,  and  is  offered  to  you  as 
engineers  in  the  belief  that  it  will  be  of  interest  and  perhaps  of 
service. 

You  will  find  my  text  in  the  Detroit  Ez'ciiiiig  Ncics  of  April  5, 
where  one  of  the  Public  Lighting  Commissioners  is  quoted  as  say- 
ing, "I  used  to  think  that  municipal  ownership  was  a  good  thing, 
but  my  experience  has  taught  me  that  it  is  impossible  to  divorce 
public  business  from  politics.  It  is  all  politics,  and  just  now  the 
Public  Lighting  Commission  is  composed  of  two  Republicans  and 
four  Democrats." 

It  is  quite  true  that  the  Public  Lighting  Commission  is  suffer- 
ing from  politics, — Democratic  politics,  labor  politics,  reform 
politics,  and  just  enough  Republican  politics  to  season  the  mess.  I 
suppose  the  labor  men  and  the  reformers  object  to  being  called 
politicians.  Perhaps  they  are  not  such.  Perhaps  they  are  merely 
playing  at  being  politicians, — you  know  the  tale  about  the  man  who 
thought  he  played  poker,  but  really  didn't, — but  they  are  partisans ; 
and  it  is  not  the  politician,  in  the  honorable  sense  of  the  word,  but 
,the  "offensive  partisan,"  to  use  the  expression  invented  by  Grover 
Cleveland,  w'ho  is  a  discredit  to  politics.  The  man  who  in  public 
service  endeavors  to  represent  or  to  serve  a  faction  instead  of  to 
represent  or  to  serve  the  whole  body  politic  is  an  offensive  partisan, 
\\'hat  his  faction  is  or  calls  itself  is  a  matter  of  no  consequence 
He  may  represent  the  Good  Government  League,  or  the  Women's 
Christian  Temperance  Union,  or  the  Associated  Charities,  but  when 
he  announces  that  his  service  as  a  commissioner  or  his  employment 
as  a  subordinate  of  a  commission  is  in  the  interest  of,  or  as  the 

^Manuscript  received  October  12,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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special  representative  of,  any  part  of  the  people,  and  not  all  of  the 
people,  he  is  a  partisan. 

In  my  experience  the  most  offensive  partisans  have  been  those 
who  claimed  to  represent  moral  agencies.  When  they  were  honest, 
they  were  'doctrinaires ;  when  they  were  dishonest,  their  dishonesty 
overpassed  exceedingly  the  dishonesty  of  the  politician  who  admits 
that  he  is  a  politician.  My  experience  is  not  peculiar.  A  friend  of 
mine  who  has  paid  for  his  knowledge  of  city  councilors  in  an  Ohio 
city,  where  there  is  an  organized  reform  party,  tells  me  that  the 
only  difference  between  Democrats  and  reformers  is  that  the 
reformers  don't  stay  bought. 

Tne  common  form  of  speech  by  which  we  express  the  offensive 
partisan  is  to  call  him  a  practical  politician.  This  expression  dif- 
ferentiates him  from  the  man  who  takes  an  occasional  whirl  at 
politics  because  he  has  a  momentary  feeling  that  it  is  his  public 
duty  to  do  so.  The  practical  politician  calls  that  kind  of  a  man  a 
mugwump,  and  I  think  he  deserves  the  name.  I  shall  use  the 
euphemistic  expression  in  the  remainder  of  this  address,  and  you 
will  understand  that  when  I  speak  of  the  practical  politician  I  am 
calling  the  person  by  the  name  which  he  has  himself  chosen. 

The  interest  of  the  practical  politician  in  any  public  department 
is  primarily  the  money  paid  by  that  department  as  wages.  The 
politician  believes  that  the  jobs  belong  entirely  to  him.  He  is  even 
more  interested  in  these  than  he  is  in  the  contracts  which  are  given 
for  supplies  or  for  construction.  On  these  contracts  he  and  his 
friends  can  only  expect  a  percentage  of  the  profits,  but  he  and  his 
friends  are  ready  to  place  their  names  on  the  payroll  of  the  city  for 
all  the  money  in  the  treasury.  Whether  they  can  earn  their  stipends 
is  immaterial.  Of  course,  the  work  must  be  done  by  somebody,  but 
the  politician  believes  that  if  he  and  his  friends  are  employed  in 
sufficient  numbers  the  work  will  be  well  enough  done  to  keep  the 
public  quiet  without  any  one  wasting  too  much  of  his  time  and 
energy  on  the  performance  of  the  small  part  which  becomes  his 
share. 

You  must  not  suppose  that  the  politician  in  office  is  an  idle 
man.  He  is  exceedingly  busy, — as  busy  as  the  devil  in  a  gale  of 
wind.  The  trouble  is  that  he  is  not  doing  the  work  he  is  paid  to 
do.  He  spends  his  time  in  promoting  the  interests  of  his  party. 
He  attends  conventions,  sometimes  forgetting  to  get  leave  of 
absence,  and  always  forgetting  to  have  his  name  removed  from  the 
time-book.  He  is  active  at  caucuses,  and  is  a  worker  before  elec- 
tions,— a  very  hard  worker.  And  when,  after  election,  his  worn- 
out    system   requires    repose   he   takes    the    same    cheerfully;    still 
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omitting  to  notify  the  timekeeper  of  his  absence  from  duty.  The 
interference  with  the  work  he  is  paid  to  do  is  just  about  the  same 
as  if  he  went  on  occasional  drunks.  The  only  real  difference  is 
that  his  irregularities  are  exceedingly  regular,  being  predetermined 
by  the  laws  fixing  the  dates  on  which  elections  shall  be  held. 

Public  opinion  has  long  ago  officially  and  practically  con- 
demned the  man  who  allows  his  pleasures  to  interfere  with  his 
duties,  but  public  opinion  has  not  yet  reached  the  stage  of  practical 
condemnation  of  the  man  who  lets  his  politics  interfere  w'ith  his 
doing  the  work  for  which  he  is  paid  by  the  public.  When  it  is 
effectively  recognized  that  politics  and  dissipations  are  on  the  same 
footing  if  they  prevent  a  man  from  doing  the  work  which  he  is 
hired  to  do,  public  service  can  be  performed  as  cheaply  and  as 
efficiently  as  is  private  service. 

When  a  practical  politician  holds  an  office  which  gives  him  the 
power  of  appointing  other  public  servants,  he  attains  his  maximum 
power  for  mischief.  He  not  merely  fails  himself  to  earn  his  salary, 
but  he  employs  others  of  his  kind  with  a  distinct  understanding  that 
they  are  to  justify  their  employment  by  work  done  in  the  interest  of 
him  and  his  faction.  That  they  are  supposed  to  make  some  kind  of 
a  bluff  at  filling  the  nominal  duties  of  their  office  is  true,  but  the 
politician  so  appointed  looks  to  his  sponsor  for  protection  in  his 
idleness  and  docs  not  in  the  least  hold  himself  amenable  to  the  tax- 
payers whose  money  he  cats.  He  is  not  the  servant  of  the  city, 
but  he  is  the  "man"  of  such  and  such  a  boss.  Sometimes  the  "boss" 
is  a  recognized  party  leader,  and  the  appointment  is  made  in  the 
interest  of  the  party.  "The  party  owed  me  the  job  after  all  these 
years  of  w^ork  for  it;  I  intend  to  take  things  easy  and  have  a  rest." 
That  is  how  a  man  in  this  city,  receiving  such  an  appointment, 
stated  the  case,  and  he  is  even  now  resting  at  the  public  expense. 

To  return  to  my  text.  My  experience  is  different  from  that 
of  the  commissioner  quoted.  It  has  taught  me  that  it  is  entirely 
possible  to  keep  public  business  separate  from  politics,  even  the 
public  business  of  that  very  commission.  My  experience  has  led 
me  to  believe  it  possible  to  divorce  public  business  from  politics 
after  the  two  have  formed  such  an  unholy  alliance.  To  keep  them 
separate  in  the  beginning  was  the  w'ork  of  an  engineer,  and  I  now 
propose  to  tell  how  it  was  done.  Hereafter  I  may  justify  my  belief 
that  the  old  condition  can  be  restored. 

The  first  Lighting  Commission  was  absolutely  non-partisan. 
In  its  constitution  there  was  the  usual  recognition  of  each  of  the 
great  parties,  but  each  of  those  six  men  stood  for  the  whole  city 
and  never  for  a  moment  for  his  own  political  friends.     That  was 
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as  it  should  be.  A  bi-partisan  Ijoard  is  not  a  non-partisan  board. 
You  cannot  neutralize  three  aggressive  Republicans  by  appointing 
three  equally  aggressive  Democrats.  Two  blacks  don't  make  one 
white,  and  the  result  in  practice  is  at  best  a  deadlock.  If  by  any 
chance  a  Republican  partisan  votes  with  the  Democrats,  he  is  called 
a  traitor,  and  there  is  a  howl  for  his  political  scalp. 

This  non-partisan  commission  decided  that  its  duties  were 
essentially  legislative.  Its  members  were  business  men  who  cer- 
tainly could  not  give  attention  to  details  of  commission  work.  You 
remember  that  these  commissioners  are  unpaid, — well,  perhaps  I 
should  not  put  it  so,  but  the  payment  they  get  is  of  the  kind  best 
described  by  a  tale  concerning  our  fellow-member,  Mr.  Frank  E. 
Kirby,  who  served  a  term  as  a  Water  Commissioner  of  this  city. 
The  Water  Board  of  a  large  Eastern  city  visited  Detroit  in  the 
course  of  a  tour  in  search  of  information.  Mr.  Kirby  dropped  his 
other  duties  to  entertain  the  visitors,  one  of  whom  in  conversation 
spoke  as  follows :  *Tn  our  city  there  are  three  water  commis- 
sioners ;  we  each  get  $3600  a  year.  How  many  are  there  of  you  in 
Detroit,  and  what  do  you  get  ?"  The  answer  was  grim,  but  precise, 
"There  are  five  of  us,  and  we  get  hell."  The  first  Lighting  Com- 
missioners were  well  paid  in  the  coin  named  by  Mr.  Kirby.  .Some 
of  them  are,  I  think,  still  receiving  small  instalments  of  their  salary. 
Be  that  as  it  may,  they  decided  that  their  duties  were  legislative, 
and  therein  they  made  a  wise  decision.  They  sought  as  their 
executive  an  experienced  electrical  engineer  of  good  administrative 
ability.  They  failed  to  be  satisfied  by  any  of  the  numerous  appli- 
cants who  asked  for  the  position  ;  they  made  guarded  inquiries  con- 
cerning a  number  of  men  who  were  engaged  in  such  work  as  they 
had  to  do,  and  they  ended  by  ofl'ering  the  appointment  to  a  man  who 
was  about  as  thoroughly  surprised  as  any  one  could  be  by  such  an 
ofifer.     That  was  me. 

From  the  beginning,  the  separation  of  legislative  and  executive 
functions  was  complete.  The  commission  decided  on  a  policy.  I 
reported  on  and  advised  as  to  possible  plans  whereby  that  policy 
could  be  carried  out.  The  commission  authorized  the  execution  of 
a  general  plan  presented  by  me,  and  then  it  became  my  duty  to 
carry  out  that  plan,  myself  selecting  the  immediate  agents  and 
settling  the  details.  On  me  lay  the  responsibility  for  results. 
Logically  to  me  was  given  the  choice  of  means. 

Given  full  charge  of  the  work  and  the  force;  given  power  to 
employ  and  discharge  help;  ordered  positively  to  see  that  each 
employe  earned  his  pay;  to  require  no  qualifications  other  than 
citizenship  and  competence ;  to  disregard  all  indorsements  which 
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were  not  supported  by  my  own  ol^servation  of  the  work  actually 
<lonc  for  the  commission,  it  would  appear  that  I  should  have  been 
able  to  keep  practical  politicians  out  of  the  service  of  the  Public 
Lighting'  Commission.  Did  I  do  so?  Well,  I  think  I  did.  I  was 
convinced  of  it  by  the  fact  that  the  Republican  politicians  of  the 
city  condemned  me  fc^-  a  Democrat,  and  the  Democratic  politicians 
cursed  me  for  a  Republican.  That  was  at  first ;  after  a  year  or  two 
they  sized  me  up  better.  Toward  the  end  of  my  service  I  had  the 
expert  opinion  of  a  recognized  authority  on  sucli  subjects  as  to 
whether  I  had  succeeded  in  organizing  a  non-partisan  force.  The 
authority  was  the  Hon.  Hazen  S.  Pingree.  I  think  no  one  here 
will  question  his  competence.  The  opinion  was  given  to  me  per- 
sonally, in  explicit  language,  and  at  some  length.  I  do  not  know 
that  it  is  advisable  to  quote  it  in  full  or  verbatim ;  indeed,  my 
memory  fails  me.  But  the  salient  point  thereof  was,  "You  people 
down  there  at  the  lighting  plant  are  political  eunuchs."  Now,  really, 
I  don't  like  being  called  a  eunuch,  and  I  think  that  the  Hon, 
Ilazen  S.  Pingree's  metaphor  is  somewhat  startling,  but  it  is  so 
thoroughly  expressive  that  I  venture  to  pass  it  on  to  posterity  by 
embalming  it  in  this  presiaential  address. 

How  did  I  carry  out  my  plan?  Well,  I  began,  so  far  as  the 
laborers  and  mechanics  were  concerned,  at  the  top  of  the  long  list, 
which  was  arranged  according  to  priority  of  application.  I  called 
for  these  men  in  bunches,  sized  them  up  personally  after  the  fashion 
of  all  engineers  who  have  to  hire  men ;  you  know  how  it  goes ;  you 
don't  have  to  be  told  that  some  men  are  not  worth  a  continental ; 
you  can  see  that  by  looking  at  them.  I  questioned  them  as  to  their 
citizenship  and  previous  experience,  rated  them  according  to  their 
claims  and  set  them  to  work.  I  personally  hired  each  man,  and  the 
hiring  was  a  big  part  of  my  work.  In  a  short  time  I  could  tell 
whether  or  not  a  man  was  competent.  If  he  showed  himself  such, 
he  remained  in  the  service.  Some  of  the  men  employed  in  this 
way  seven  or  eight  years  ago  are  still  on  the  Public  Lighting  Com- 
mission's payroll.  If  a  man  showed  himself  incompetent,  he  was 
summarily  discharged.  The  orders  of  the  commission  were  that 
no  man  should  have  a  time  appointment ;  that  each  man  should  be 
hired  from  day  to  day  or  from  month  to  month. 

There  was  an  application  blank  which  had  spaces  for  name  and 
address,  trade  or  profession,  previous  experience  and  references. 
The  references  were  often  autographic.  The  rule  that  a  man 
should  be  a  citizen  and  a  bona  fide  resident  of  Detroit  led  to  many 
of  the  applicants  establishing  their  status  by  presenting  the  signa- 
ture of  one  of  the  aldermen  of  their  ward  or  some  other  well-known 
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Detroit  man.  Our  foreign-born  residents  almost  always  secured 
the  alderman's  signature  before  presenting  their  application.  The 
rule  as  to  local  residence  was  not  absolute,  but  (after  my  own  name) 
there  never  was  but  one  selection  made  outside  of  the  city ;  that 
selection  was  Mr.  Walter  D.  Steele,  a  former  member  of  this 
Society,  and  who  became  my  chief  assistant  and  afterward  my 
successor.  Mr.  Steele  brought  to  my  aid  a  knowledge  of  high- 
tension  electric  constructions,  and  particularly  of  underground 
cables,  such  as  was  not  possessed  by  any  Detroit  man,  and  which 
was  essential  to  the  performance  of  the  duties  which  fell  to  him. 

In  the  original  selection  of  employes  many  presented  the  in- 
dorsement of  local  politicians.  During  the  first  three  years,  which 
were  years  of  very  hard  times,  there  was  an  unusually  large  selec- 
tion of  employes  available.  Capable  tradesmen  were  glad  to  get 
work  as  helpers  or  laborers,  and  for  every  position,  excepting  those 
requiring  special  technical  training,  there  w'ere  from  twenty  to  fifty 
applicants.  It  would  have  been  possible  to  fill  each  such  place  after 
turning  down  every  man  indorsed  by  a  politician.  That  would, 
however,  have  been  a  mistake.  A  selection  from  men  indorsed  only 
by  the  "goo-goo"  element  of  our  citizenship  would,  I  think,  have 
furnished  about  as  large  a  proportion  of  utterly  useless  and  worth- 
less employes  as  could  possibly  have  resulted  had  none  but  per- 
nicious politicians  been  chosen.  Some  of  the  poorest  specimens  of 
mankind  that  were  tried  in  the  service  brought  the  most  magnificent 
indorsements  from  preachers  and  from  pillars  of  churches.  I 
honestly  believe  the  average  preacher  does  not  know  the  making  of 
a  decent  workman.  I  must  expressly  exempt  the  Catholic  priest- 
hood from  this  reproach.  I  noticed  that  a  man  who  referred  us  to 
his  parish  priest  was  almost  always  a  good  find.  On  the  other 
hand,  some  of  the  best  men  whom  1  found,  including  men  who  are 
still  employed  by  the  commission,  carried  the  indorsements  of 
politicians  whose  reputations  are  far  from  saintly.  I  don't  say 
that  a  tough  alderman  invariably  recommended  a  good  man  for  a 
job ;  what  I  mean  to  say  is  that,  especially  in  these  years  of  business 
depression,  the  tough  alderman  could  and  did  furnish  from  among 
their  constituents  enough  mechanics  and  tradesmen,  of  a  thoroughly 
reliable  character,  to  fill  any  number  of  positions  such  as  I  had  to 
of^er.  Of  course  the  tough  aldermen  sometimes  sent  worthless 
men  to  me,  but  I  had  an  effective  method  of  dealing  with  such  cases. 
If  the  man  proved  worthless,  I  summarily  discharged  him,  and  then 
I  did  not  wait  for  his  political  sponsor  to  come  to  me  complaining 
that  his  man  had  been  "thrown  down."  I  made  the  announcement 
myself  to  the  sponsor,  and  followed  it  up  by  a  few  well-chosen 
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remarks  in  the  vernacular  which  let  him  understand  that  it  was  his 
business  to  know  that  a  man  was  a  good,  capable  worker  before  he 
sent  him  down  to  the  Public  Lighting-  Commission,  and  that  if  the 
said  sponsor  did  not  know  any  better  than  to  send  such  a  damnable 
specimen  as  the  one  just  discharged  I  would  decline  hereafter  to 
consider  any  of  his  recommendations. 

I  commend  this  prescription  to  any  of  you  who  may  find  your- 
selves in  such  a  position  as  I  then  was  in.  The  first  dose,  if  liberal, 
effects  a  complete  cure. 

The  places  which  required  technical  training  were  more  diffi- 
cult to  fill.  I  have  already  mentioned  that  one  place  had  to  be  filled 
by  employment  of  a  man  from  outside  the  city.  The  first  drafts- 
men and  inspectors  were  found  by  inquiry  among  the  manufactur- 
ing and  technical  concerns  in  town.  They  were  college  men,  and 
their  coming  to  the  service  was  followed  by  a  succession  of  applica- 
tions for  employment  from  other  college  graduates,  largely  Univer- 
sity of  Michigan  men.  The  names  of  most  of  those  men  have  been 
on  the  roll  of  our  Society. 

The  engineering  staff  of  the  construction  period  was  formed 
of  these  young  men,  and  when  the  operating  force  was  organized  a 
number  of  positions  were  filled  from  the  construction  staff.  The 
pay  of  these  places  was  not  high, — $75  per  month  being  the 
standard.  I  could  not  expect  to  retain  such  men  permanently  at 
the  salaries  which  were  possible,  but  I  could  and  did  arrange  for  a 
continuous  succession  in  office.  There  was  no  place  which  was  not 
well  filled,  and  behind  each  occupant  of  a  place  there  was  a  possible 
successor ;  the  final  vacancy  of  the  series  being  a  draftsman's  posi- 
tion, which  could  naturally  be  filled  by  any  graduate  of  the  engineer- 
ing department  of  the  University  of  Michigan.  The  plan  worked 
during  my  term ;  the  men  have  assured  me  that  they  found  their 
Public  Lighting  experience  of  value,  and  I  am  proud  to  say  that  they 
are  all  to-day  filling  positions  of  responsibility  with  credit  to  them- 
selves and  to  their  earliest  employment. 

I  see  in  the  press  that  one  of  these  positions,  formerly  filled  by 
a  graduate  engineer,  is  vacant,  and  that  a  competent  man  cannot  be 
had  for  the  pay.  Well,  I  think  the  trouble  is  that  a  competent  man 
will  not  take  the  place  under  the  present  limitations.  The  pay  is 
plenty,  and  if  the  place  at  the  salary  named  were  vacant  in  one  of 
my  plants  instead  of  in  the  city  plant  it  would  be  filled  mighty 
promptly  by  an  Ann  Arbor  man. 

The  steam  engineers  and  similar  expert  mechanics  were 
selected  from  the  list  of  applicants.  In  these  classes  the  plan  of 
putting  a  man  to  work  and  seeing  what  would  happen  could  not  be 


io6  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

tried  with  the  same  freedom  as  was  permissible  with  laborers.  An 
incompetent  engineer  might  wreck  an  engine  in  demonstrating  his 
incompetence ;  or  an  unskillful  electrician  send  himself  to  paradise 
by  the  electric  route,  and  thereby  cost  the  city  $5000  or  so.  It  is 
really  remarkable  how  valuable  such  a  man  becomes  after  he  is 
dead.  But  the  method  was  modified  only  in  degree,  not  in  kind. 
A  man  was  first  questioned  and  then  tried.  His  indorsements 
counted  for  nothing,  his  politics  for  less  than  nothing. 

The  relations  of  the  plant  to  what  is  called  "union  labor"  were 
very  early  defined.  The  first  commission  announced  that  it  recog- 
nized citizenship  and  competence  as  being  the  only  essentials  for 
employment.  It  classed  union  labor  afifiliations  together  with 
politics  and  religion,  as  being  immaterial  so  long  as  they  did  not 
interfere  with  the  performance  of  a  man's  duties.  It  resulted  that 
we  made  no  inquiry  as  to  a  man's  being  union  or  non-union,  and 
that  naturally  a  large  proportion  of  the  men  employed  were  union 
men.  I  think  the  ground  taken  in  the  matter  was  solid,  and  that  it 
is  the  only  ground  which  promises  permanent  freedom  from  trouble. 

It  was  not  sufficient  to  obtain  employes  who  were  free  from 
political  obligations.  It  was  necessary  that  they  should  remain 
clear  of  such  entanglements.  Our  rule  in  the  beginning  was  clearly 
stated,  and  it  was  reiterated  from  time  to  time  as  occasion  required. 
It  was  that  every  employe  should  have  opportunity  to  vote  at 
primary  and  regular  elections ;  that  there  should  be  no  inquiry  as  to 
how  or  for  whom  he  voted,  but  that  no  employe  should  on  any  pre- 
tense engage  in  what  is  called  party  work.  A  report  that  an 
employe  was  making  himself  notable  in  politics  caused  him  at  once 
to  be  called  on  the  carpet  and  notified  that  a  persistence  in  such 
activity  would  surely  lead  to  his  dismissal.  In  the  early  days  of 
the  commission  it  was  necessary,  in  more  than  one  case,  to  warn 
men  individually  of  the  consequence  which  would  follow  their  per- 
sistence in  political  activity.  These  warnings  took  the  form  of  a 
statement  that  the  Public  Lighting  Commission  was  non-partisan ; 
that  the  retention  on  the  roll  of  an  active  partisan  of  either  party 
would  lead  to  demands  from  the  other  party  that  some  equally 
active  partisan  of  that  stripe  should  be  employed ;  that  the  commis- 
sion did  not  propose  to  engage  in  any  such  balancing  of  evils,  and 
that  therefore  the  employe  must  limit  his  activities  or  quit  the  ser- 
vice. No  man  was  ever  discharged  for  political  activity.  One 
man  resigned  with  the  friendly  statement  to  me  that  he  thought  he 
could  better  himself  otherwise  by  his  political  work,  and  that  he 
therefore  preferred  to  sacrifice  his  present  job.  Anonymous 
charges  were  occasionally  made  that  men  were  discharged  because 
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of  tlicir  politics,  but  tlic  recoixl  was  casil}-  cleared.  These  charsi^es 
were  all  made  in  the  early  days,  when  each  party  said  I  was  a  vile 
tool  of  the  other  party. 

For  five  years — three  years  of  my  service  and  two  years  of  my 
successor's  term — the  relations  of  the  commission  to  its  electrical 
engineer  were  imchanged.  You  will  recogiiize  that  these  relations 
were  essentially  those  of  a  board  of  directors  of  a  corporation  to 
their  g'eneral  manager.  In  my  own  case  they  were  exactly  the 
relations  which  I  now  hold  to  the  directors  of  the  corporations 
whose  property  I  manage.  They  w^re  the  relations  wdiich  exist  in 
every  such  department  in  every  city  whose  work  is  w'ell  done  and 
free  from  political  taint.  Instances  can  be  multiplied  not  only  of 
the  successful  operation  of  this  distribution  of  duties,  but  also  of 
the  evil  results  following  when  any  other  distribution  is  essayed. 
The  Chicago  newspapers  have  just  furnished  an  excellent  illustra- 
tion of  success  and  of  failure.  The  success  is  in  the  management 
of  the  South  Parks.  In  the  past  and  in  the  present  the  South  Park 
Commissioners  have  performed  precisely  the  duties  of  a  directorate 
of  an  incorporated  company.  The  name  and  title  on  their  letter 
heads,  "J.  Frank  Foster,  general  superintendent  and  engineer," 
means  just  what  it  says.  Mr.  Foster  is  general  superintendent  in 
fact  as  well  as  in  name.  The  West  Parks  have  been  managed  on 
the  other  plan.  The  commissioners  have  been  partisans,  and  have 
appointed  partisan  employes.  The  general  superintendent  has  too 
often  been  chosen  for  his  efficiency  as  a  party  worker.  The  engi- 
neer has  always  been  a  subordinate,  and  too  often  a  negligible  quan- 
tity in  the  equation.  I  speak  from  knowledge,  because  I  have  done 
engineering  work  on  behalf  of  each  of  these  municipal  bodies. 
The  results  of  the  two  systems  are  summed  up  by  the  published 
cost  of  maintenance  per  acre  of  each  system.  The  average  cost  of 
maintaining  the  West  Side  Parks  is  $498  per  acre  per  annum.  The 
average  cost  of  the  Washington  Park  is  $220  per  acre  per  annum. 
And  those  who  know  their  Chicago  and  can  mentally  compare  the 
two  park  systems  will  promptly  agree  with  the  newspapers  that  the 
conditions  of  the  two  systems  are  in  the  inverse  ratio  of  the  moneys 
spent  upon  them. 

In  Canadian  cities  the  man  in  charge  of  public  works  is  usually 
a  civil  engineer,  and  he  is  actually  in  charge.  The  Public  Works 
Committee  has  legislative  functions  only,  and  a  law  duly  enacted, 
not  merely  a  ruling  of  a  commission,  prohibits  the  activity  of  any 
city  employe  in  politics. 

I  have  spoken  of  the  successful  operation  of  the  public  ligliting 
plant    while   the    functions   of   the   commission    and    the   engineer 
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remained  clearly  defined.  It  is  now  in  order  to  tell  what  happened 
when  this  definition  became  hazy.  After  five  years'  operation  of 
the  plant,  ill-advised  economies,  insisted  upon  by  the  board  in  direct 
opposition  to  the  advice  of  the  engineer,  caused  a  strike  of  the  arc 
lamp  trimmers.  The  question  of  detail  was  whether  the  trimmers 
did  or  did  not  do  enough  work  for  their  pay ;  whether,  in  fact,  their 
duties  were  proportionate  to  their  wages ;  whether  they  had  what  in 
the  newspaper  discussion  at  the  time  was  called  a  "snap,"  I  think 
the  trimmers'  duties  were  no  snap,  and  I  know  whereof  I  speak. 
A  man  who  trims  sixty  open  lamps  on  a  circuit  of  average  length 
daily,  Sundays  included,  summer  and  winter,  in  fair  weather  and  in 
foul,  in  the  early  hours  of  the  summer  morning  and  in  the  bitter 
sleet  storms  of  our  winter  and  early  spring,  has  no  snap  if  he  does 
his  work  properly.  Electrical  Engineer  Steele  told  the  commis- 
sioners this.  They  overruled  him.  Be  this  minor  fact  as  it  may, 
the  major  fact  was  that  the  commission,  to  secure  a  small  economy 
of  operation,  overruled  its  executive  officer  and  ruined  the  discipline 
of  the  plant.  The  damage  to  the  commission,  directly  and  in- 
directly, by  loss  of  discipline  from  that  day  to  this,  by  the  loss  of 
capable  employes  and  the  expense  of  educating  others,  has  offset 
many  times  the  saving  which  was  expected  to  be  made.  The 
trimmers  struck,  as  I  have  said,  and  thereby  put  themselves  in  the 
wrong.  They  had  no  right  to  conspire  to  put  the  metropolitan  city 
of  Michigan  in  darkness.  They  forgot  they  were  public  servants 
when  they  planned  such  a  stroke.  That  also  is  a  minor  detail.  The 
major  fact  was  that  the  commission  assumed  control  of  details 
which,  even  had  it  been  competent  to  judge,  it  could  not  personally 
oversee,  and  deliberately  permitted  employes  to  feel  that  they  had  a 
grievance. 

The  engineer  did  his  best.  He  won  the  strike  for  the  com- 
mission, feeling  that  his  duty  to  the  city  overrode  his  sympathy  for 
the  men ;  but  thereafter  he  avoided  responsibility,  knowing  that  he 
could  not  depend  on  the  support  of  his  directors,  and  the  clamor 
raised  by  the  aggrieved  employes  had  its  unavoidable  result.  The 
appointing  power,  the  mayor  of  the  city,  tried  to  remedy  the  harm 
done  by  nominating  a  commissioner  who  undertook  to  specially 
represent  these  employes,  and  who  entered  on  his  duties  with  a 
prejudice  against  his  associates.  This  appointment  was  followed 
by  another;  this  second  nominee  frankly  declaring  himself  the 
special  representative  of  organized  labor.  Partisans  both  of  them, 
these  commissioners;  well  meaning,  no  doubt,  but  limited  in  their 
action  by  the  circumstances  of  their  appointment,  carrying  to  their 
duties  not  a  receptive  mind,  but  a  preconceived  hostility  to  the  past 
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management.  At  meetings  of  the  board  charges  and  counter- 
charges, criticisms  and  squabbles  took  the  place  of  frank  discussion 
and  of  willing  submission  to  the  decision  of  the  majority.  Tale- 
bearing by  employes  was  encouraged,  different  members  assuming 
the  protection  of  different  employes  or  cliques  of  employes.  Matters 
of  detail  took  up  the  time  of  the  board,  and  business  was  impossible. 
The  plant  kept  on  going  from  sheer  inertia,  but  the  engineer  very 
early  concluded  that  he  should  end  his  connection  with  the  institu- 
tion. He  had  been  wiser  for  himself,  I  think,  had  he  come  to  this 
conclusion  a  year  sooner  than  he  did ;  but  he,  like  almost  all  engi- 
neers, was  faithful  to  his  salt  and  tried  to  do  the  best  for  his  masters, 
the  public,  under  adverse  circumstances.  He  economized  to  a 
fault ;  he  left  his  machinery  in  perfect  condition  and  a  surplus  of 
over  $50,ocx)  in  the  treasury.  The  older  commissioners  finally  gave 
an  opportunity  for  the  restoration  of  harmony  by  resigning  almost 
in  a  body,  and  new  nominees  of  the  mayor,  on  whom,  by  these 
resignations,  has  devolved  the  appointment  of  every  present  mem- 
ber of  the  commission,  accepted  appointment  to  the  vacancies. 

Had  the  commission  then  reverted  to  the  original  system  of 
operation,  all  might  have  gone  well.  Seeing  that  all  personal  diffi- 
culties had  been  eliminated,  they  could  have  resumed  their  proper 
legislative  duties,  placing  the  executive  responsibility  in  the  hands 
of  one  competent  engineer.  If  a  local  man  were  not  available,  they 
could  have  sought  for  such  an  engineer  beyond  the  city,  as  did  the 
first  commission.  Unfortunately,  the  factional  spirit  still  survived. 
Employes  and  ex-employes  who  had  given  aid  and  comfort  to  the 
commissioners  now  dominating  during  the  time  when  they  were  a 
minority  apparently  had  to  be  taken  care  of,  and  these  commis- 
sioners found  themselves  the  representatives  of  a  faction  of  the 
most  impracticable  kind.  A  general  superintendent  was  chosen, 
but  he  is  superintendent  in  name  only.  When  appointed  he  did  not 
know  the  elementary  principles  of  electrical  generation  and  dis- 
tribution, and  he  thereby  became  dependent  on  one  of  the  re- 
appointed ex-employes,  who  was  nominated  as  his  assistant.  In 
the  public  reports  and  specifications  of  the  commission  there  is 
nothing  to  indicate  that  during  the  past  year  the  general  superin- 
tendent has  learned  any  more  about  the  electrical  business  than  he 
knew  when  he  started.  I  regret  to  say  also  that  these  reports  and 
specifications  indicate  that  not  merely  the  general  superintendent 
lacks  essential  knowledge,  but  that  the  assistant  is  far  from  having 
sufficient  engineering  ability  to  make  good  the  deficiencies  of  his 
chief.  It  seems  ridiculous  that  a  plant  which  has  sent  a  dozen 
smart  electrical  engineers  to  profitable  employment  elsewhere  should 
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not  be  able  to  find  one  able  man  to  take  intelligent  charge  of  its  own 
affairs.  A  private  plant,  offering  the  same  salary,  would  have 
found  such  a  man  very  promptly. 

Of  course  (as  shown  by  my  text)  the  belief  has  gone  abroad 
that  partisan  politics  have  dominated  the  selection  of  employes  by 
the  new  commission.  There  is  too  much  evidence  in  favor  of  this 
belief  to  allow  one  to  contradict  it  lightly.  There  is  a  good  work- 
ing majority  vote  in  the  commission,  and  under  those  conditions  it 
behooves  the  majority  to  be  careful  of  its  appointments  if  it  desires 
that  its  motives  shall  not  be  impugned.  To  appoint  as  a  general 
superintendent  a  person  who  has  been  a  practical  politician  since  the 
memory  of  man  runneth  not  to  the  contrary  is  a  proceeding  subject 
to  criticism  under  the  best  of  circumstances.  When  the  person  so 
appointed  knows  absolutely  nothing  about  the  business  he  is  run- 
ning, when  he  and  his  assistant  jointly  send  around  to  their  subor- 
dinates a  subscription  paper  inviting  the  donation  of  campaign 
funds  for  the  party  having  the  majority  vote  on  the  Public  Lighting 
Commission ;  when  other  appointees  to  office  are  also  notably  party 
workers,  and  either  without  electrical  experience  or  with  an  experi- 
ence which  is  a  record  of  failures,  it  seems  to  be  a  prejudged  case 
that  politics  control  the  department. 

The  financial  results  do  not  clear  the  record.  The  past  presi- 
dent started  in  with  a  remarkable  program  of  proposed  economies. 
He  announced  that  expenses  could  be  reduced  $20,000  per  annum. 
During  the  year  of  his  control  the  expenses  apparently  have  been 
increased  to  the  tune  of  $10,000  per  annum,  and  for  the  first  time 
in  its  history  the  commission  comes  before  the  Board  of  Estimators 
reporting  that  it  will  apparently  have  a  deficit  at  the  end  of  the 
current  fiscal  year.  That  result  indicates  that  there  was  something 
wrong  with  the  program,  and  increases  rather  than  decreases  the 
evidence  against  the  present  system. 

My  conclusion  is  that  a  public  works  department  can  be 
operated  efficiently  and  economically  on  the  same  lines  as  is  the  ser- 
vice of  a  private  corporation ;  the  commissioners  assuming  the 
duties  of  the  directorate  of  such  a  corporation  and  the  general 
superintendent,  who  must  be  a  thoroughly  competent  engineer,  per- 
forming all  the  executive  duties.  I  can  admit  no  exception  to  this 
rule.  I  am  aware  that  in  some  organizations  the  peculiar  knowl- 
edge of  individual  directors  makes  their  advice  exceedingly  valuable 
in  the  executive  department.  This  was  the  case  in  the  first  Public 
Lighting  Commission  of  the  city  of  Detroit.  Of  that  commission, 
there  was  not  one  man  who  had  not  a  general  knowledge  of  the 
apparatus  and  methods  involved  in  the  electric  hghting  business; 
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three  of  these  had  served  as  directors  of  electric  hghting  enter- 
prises. The  factory  of  one  was  a  pioneer  in  the  use  of  electric 
power  distribution,  and  the  commissioner  who  knew  the  least  of 
electrical  affairs  was  surprisingly  familiar  with  the  routine  and 
costs  of  a  model  street  railway  plant  in  which  he  had  an  interest. 
Two  of  the  members  had  technical  knowledge  and  ability  which 
brought  them,  in  the  course  of  their  business,  a  large  recompense, 
and  which  they  gave  freely  to  the  service  of  the  city  of  Detroit. 
One  of  these  men  had  been  a  pioneer  in  telephone,  electric  light  and 
electric  railway  developments,  and  he  is  now  an  officer  and  director 
of  one  of  the  largest  telephone  companies  in  the  Middle  West.  The 
other,  whom  I  may  name,  seeing  that  he  is  dead,  Mr.  George 
Howard  Lothrop,  was  reputed  the  best  authority  on  electrical 
patents  west  of  the  city  of  New  York.  The  advice  of  these  men 
was  constantly  sought  by  me  as  the  executive  officer  of  the  Public 
Lighting  Commission;  and  it  was  always  freely  given  and  always 
valuable.  I  have  indicated  sufficiently  the  peculiar  fitness  of  the 
first  Lighting  Commissioners  of  this  city  to  take  charge  of  detail 
and  to  perform  the  executive  duties  of  their  department,  and  yet 
it  was  these  commissioners,  who  knew  exactly  what  they  w-ere 
doing  and  who  "were,  without  exception,  better  fitted  for  their  public 
work  than  any  of  their  successors  have  ever  been,  who  positively 
declined  to  depart  from  their  legislative  functions  and  who  insisted 
upon  the  assumption  by  their  general  superintendent  and  engineer 
of  the  full  responsibility  and  the  full  authority  which  his  executive 
duties  required.  It  has  remained  to  men  of  less  knowledge  to 
initiate  the  contrary  policy  and  to  fail  in  it. 

What  has  been  done  can  be  done.  Let  the  Public  Lighting 
Commission  of  the  city  of  Detroit  re-enact  the  rules  of  the  first 
commission.  Let  it  place  the  execution  of  these  rules  in  the  hands 
of  a  general  superintendent  who  shall  be — who  must  be — a  thor- 
oughly competent  electrical  and  mechanical  engineer.  Let  the  com- 
mission confine  its  members  to  their  legislative  functions,  and 
loyally  support  its  superintendent  in  his  executive  duties.  Then 
there  will  be  again  a  Public  Lighting  Department  free  from  politics, 
free  from  partisans,  economical  in  operation  and  a  model  to  be 
followed  not  only  by  other  municipalities,  but  by  private  corpora- 
tions. Go  outside  of  Detroit  if  necessary  to  find  the  right  superin- 
tendent. If  he  is  an  honest,  capable  engineer, — and  an  engineer, 
to  remain  in  his  profession,  must  be  honest  and  capable, — his  free- 
dom from  local  acquaintance  and  entanglements  will  tend  to  his 
success. 
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WORKS     OF    THE   CAKXECilE   STEEL    COMPANY. 


B\  W.  L.  CowLES,  Membkr,  Civil  Engineers'  Club  of  Cleveland. 


[Read  before  the  Club,  September  24.  1901.*] 
The  reduction,  in  recent  years,  in  the  cost  of  producing  steel 
has  come  about  very  largely  through  the  elimination  of  manual 
labor  and  the  sulistitution  therefor  of  mechanical  appliances.  This 
substitution  of  machinery  for  men  has  taken  place  all  along  the 
line,  from  the  first  removal  of  the  ore  from  its  bed  by  steam 
shovels  to  the  automatic  loading  of  the  finished  rails  on  cars 
ready  for  shipment,  and  at  every  stage  in  the  transformation  of  the 
ore  into  the  rail,  when  a  machine  has  replaced  a  man,  if  the 
machine  has  been  wisely  designed,  properly  installed,  and  effici- 
ently operated,  cost  has  been  reduced  and  a  cheaper  final  product 
made  possible. 

It  is  the  intention  of  the  author  in  this  paper  to  describe 
briefly  the  method  of  accomplishing  one  stage  in  this  transfor- 
mation, as  seen  in  the  handling  of  ore  and  limestone  from  the 
incoming  car  to  the  furnace  top  at  the  Carrie  Furnaces,  Nos.  3 
and  4,  of  the  Homestead  Plant  of  the  Carnegie  Steel  Company 
at  Rankin,  Pa.,  through  appliances  largely  designed  and  installed 
by  the  Brown  Hoisting  Machinery  Company. 

These  furnaces  are  situated  on  the  north  bank  of  the  Monon- 
gahela  River,  and  extend  from  the  river  to  the  Pittsburg  and  Lake 
Erie  and  Baltimore  and  Ohio  Railroads,  the  general  arrangement 

*Manuscript  received  September  26,  1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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of  the  plant  being  shown  on  general  plan  No.  i,  only  those 
tracks,  however,  having  been  included  which  constitute  a  portion 
of  the  ore-handling  system. 

By  referring  to  the  profile  on  this  plan,  it  will  be  seen  that  the 
tracks  used  for  handling  the  cars  of  ore  and  limestone  to  and 
from  the  car  dumper,  or  ti]:)ple,  are  laid  on  grades  especially 
designed  to  suit  the  plan  of  oi^erations  as  described  below. 

The  cars  of  ore  and  of  limestone,  upon  being  brought  into 
the  yard,  are  first  made  up  into  trains,  having  regard  to  the  relative 
(juantities  and  kinds  of  ore  and  linK'stonc  with  which  it  is  des  red 


Ftg.   t.     Gkoundhog. 

to  fill  the  bins,  and  these  trains  arc  then  switched  onto  the  tracks 
marked  "Inl)ountl  to  Dumper,"  the  locomotive  pushing  the  train 
on  one  track  in  toward  the  dumper  until  all  the  cars  are  beyond 
the  apex  of  the  first  grade,  when  all  brakes  are  set  and  the  loco- 
motive rims  1)ack  to  push  up  the  train  on  the  other  track.  The 
l)rakes  on  the  first  car  of  train  Xo.  i  are  now  released,  and  the  car 
starts  down  the  grade  by  gravity  and  its  momentum  carries  it 
beyond  the  pit  wherein  is  placed  the  disappearing  car,  or  "Ground- 
hog," as  it  is  sometimes  termed  and  its  motion  is  checked  by 
the  ascending  grade  between  this  point  and  the  dumper.  The 
groundhog,  shown  in  Fig.  i.  consists  of  a  small  but  strongly 
built    car,    of    such    a    width    tliat    it    can    descend    into    the    pit. 
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wliifh  is  plriccd  in  the  ccMilcr  of  tlu'  track  and  upon  the  walls 
ot'  which  arc  hiid  the  rails  ot'  thr  standard  .i^as^c  track.  The 
ij'ronndhoo-  tra\cls  on  a  narrow  trai-k  laid  hi,tu\rn  the  rails  of 
tlu-  standard  ,L;a.!^c  track,  and  is  o])cratcd  h\    nu-ans  of  a  wire  rope 


fe 


leading  to  a  dritni  in  the  engine  house  of  the  dumper,  where  it 
is  controlled  l)y  the  one  operator  who  has  charge  of  the  entire 
mechanism  of  this  portion  of  the  plant. 

When  the  loaded  car  has  reacherl  the  i)oint  at  which  we  left 
it.  the  groundhog  is  made  hy  the  operator  to  rise   from   the  pit, 
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and,  coming  up  behind  the  car,  it  pushes  it  up  the  grade  and  onto 
the  section  of  level  detached  track  which  forms  the  floor  of  the 
dumper.  The  car  dumper,  or  tipple,  shown  in  Fig.  2,  con- 
sists essentially  of  a  massive  frame,  in  the  shape  of  an  irreg- 
ular U,  hinged  at  one  side,  and  having  attached  to  the  other  side 
wire  cables  leading  to  drums  in  the  engine  house, above,  by  means 
of  which  the  frame,  or  cradle,  may  be  made  to  revolve  about  the 
lo-inch  shaft  which  forms  part  of  the  hinge.  The  engine  house 
is  supported  by  columns,  with  heavy  bracing,  designed  to  carry 
the  constantly  changing  loads  which  come  upon  them  during  the 
revolution  of  the  cradle.  A  counterweight  is  attached  to  the  cradle 
by  means  of  wire  cables  passing  over  sheaves  in  the  upper  part  of 
the  fixed  framework,  and  is  so  adjusted  that  its  weight  assists 
the  engine  in  lifting  the  cradle  at  the  beginning  of  its  revolution, 
*  and,  again,  in  retarding  its  motion  after  the  center  of  gravity  of 
itself  and  loaded  car  has  passed  over  and  beyond  the  hinge.  When 
the  car  has  been  properly  located  in  the  cradle,  the  groundhog 
runs  back  by  gravity  to  its  pit,  ready  to  repeat  the  operation  with 
the  next  car. 

It  may  be  stated  here  that,  while  this  method  of  placing  the 
cars  in  the  dumper  was  the  one  designed  for  and  at  first  used  at 
this  plant,  and  is  the  same  as  is  successfully  used  at  other  points, 
it  appeared,  after  it  had  been  in  operation  for  some  time,  that 
the  groundhog  could  profitably  be  dispensed  wuth,  for  the  reason 
that  in  this  case  the  yard  room  was  limited,  the  extent  of  track 
which  could  be  devoted  to  the  incoming  cars  was  insufficient 
and  the  permissible  grade  was  not  great  enough  to  insure  rapid 
handling.  The  number  of  cars  which  could  be  accommodated  on 
the  down  grade  was  not  great  enough  to  permit  any  other  use  of 
the  locomotive  while  these  cars  were  being  dumped,  and  it  there- 
fore stood  idle  during  this  time.  It  was  therefore  determined  to 
remove  the  groundhog  and  use  the  locomotive  continuously  in 
pushing  the  string  of  cars  one  by  one  onto  the  dumper,  and 
this  method  is  in  operation  at  the  present  time. 

Meanwhile  the  car  in  the  dumper  has  been  secured  to  the 
cradle  by  means  of  horizontal  and  vertical  clamps  operated  by 
hydraulic  power,  and  is  being  lifted  and  overturned,  as  shown  in 
Fig.  3,  until  the  contents,  guided  by  a  steel  apron  extending 
the  entire  length  of  the  car,  are  emptied  into  a  bin 
having  a  capacity  of  about  two  large  carloads.  The  cradle  and 
empty  cars  are  then  returned  to  their  normal  position,  when,  after 
the  clamps  are  released,  the  following  car,  coming  onto  the  dumper, 
pushes  off  the  empty  car.     By  referring  again  to  the  profile  on 
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general  plan  Xo.  1.  it  will  he  seen  that  heyond  the  dumper  is  a 
steep  descending-  grade  (9.8  per  cent.),  followed  hy  a  level  portion, 
which  is  occupied  hy  a  spring  switch  set  for  the  return  track  and 
beyond  this  again  is  a  still  steeper  ascending  grade  (20  per  cent.). 
These  grades  are  so  related  that  the  energy  acquired  bv  the  car 


Fig.  .3.     Tipple. 


in  descending  the, first  grade,  making  allowance  for  the  loss  by 
friction,  carries  the  car  across  the  level  portion,  through  the 
spring  switch  and  up  the  last  grade  just  far  enough  to  fairlv  pass 
the  point  of  the  switch.  When  returning,  the  energ\-  again  ac- 
quired will  carry  the  car  around  the  curve,  by  the  dumper  and 
down  the  track  to  the  storage  for  empties. 
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A  buffer  is  placed  at  the  end  of  the  track,  but  is  rarely  touched 
by  the  car.  which  usually  comes  within  a  foot  or  two  of  it,  when 
its  energy  is  entirely  absorbed  and  it  starts  on  its  return  trip.  The 
car  dumper  is  capable  of  handling-  thirty  6o-ton  cars  per  hour,  or 
18, OCX)  tons  jx'r  day  of  10  hours.  This  capacit}'  cannot  at  present 
be  continuously  realized,  as  the  appliances  for  taking  away  the  ore 
are  not  of  equal  capacity.  The}-  are  sufficient,  however,  for  the 
needs  of  the  plant  as  it  now  exists,  and  the  excessive  capacity  of  the 
dumj)er  will  provide  for  a  large  extension  of  the  plant  in  the  future, 
if  desired.     The  ca])acity  mentioned  has  Ijeen  reached  in  ])ractice, 


Fig.   4.     Gatk   Mech.\nism. 


sixteen  cars  having  been  dumped  in  thirty-two  minutes,  when  it  be- 
came necessary  to  cease  operations  on  account  of  the  bins  being 
full.  The  largest  number  of  cars  dumped  in  one  day  is  171. 
The  dumper  bin,  as  seen  in  Fig.  3,  is  divided  into  eight 
compartments,  each  compartment  being  provided  with  a  chute 
and  gate.  These  are  so  spaced  that  when  the  car  with  buckets  is 
properly  placed  on  the  track  below  the  liin.  each  alternate  chute 
will  deliver  into  one  of  the  buckets,  which  thus  are  quickly  filled 
without  further  shifting  of  the  car.  The  gates  are  operated  by 
means  of  a  special  motor  attached  to  a  shaft  which  extends  the  full 
length  of  tlie  bin,  and  which  has  a  clutch  opposite  each  gate, 
enabling  the   operator,   by  throwing   in   any   clutch,   to   open   or 


()Ki:-ll.\XI)lJ.\(.    I'l.AX'l-   AT    rill'.  CAKRll-.    1  T  K  X  ACT-.S.       119 

slim  tlu'  ctirrr^ixmdin^  .uatr.  Tlii-  nK'cliani>m  may  \)v  >vvn  in 
JMii'.  4.  wliicli  also  s!',()\\>  cK-arI\  tlic  conduit  which  carries  the 
wires  for  Mipplyiii^  cmrrnt  to  the  cars.  These  cars,  shown  in 
y^i::;.  5.  and  with  luadi'd  lo-tdii  Ixickels  in  Fi<^.  6.  are  made 
in  ])airs.  coupled,  lor  (.-ase  in  jjassin^-  around  curves,  eacli  car 
havinj:^  its  own  motor,  but  both  controlled  from  the  end  of  one 
car.  which  is  fitted  with  a  cab.  The  track  upon  whicli  these  cars 
operate,  called  the  transfer  track,  consists  of  a  straiijht  track  extend- 
ino-  the  whole  leng^th  of  the  ore-storag^e  yard,  with  a  connection  to 
the  system  of  yard  tracks,  and  a  curved  side  track  ])assino-  midcr  the 


Bucket  Car. 


dum])er  bin.  the  sjjrin^'  sw.tches  ccmnectin^"  the  two  bcinm'  so  placed 
that  the  cars  will  first  rtm  through,  and  then,  returning',  follow  their 
proper  track,  thus  making  the  circuit  continually  without  the  neces- 
sity of  any  hand  switching.  Space  is  provided  on  these  cars  for 
four  buckets,  Init  only  three  ])laces  are  occupied  when  the  car  leaves 
the  bin,  one  place  being  left  for  the  last  bucket  taken  full  from  the 
preceding  car,  which,  having  been  carried  away  and  dumped  while 
the  car  of  emjitx'  buckets  moves  away,  is  returned  to  the  new  car  of 
loaded  buckets  which  has  taken  its  place.  This  car  is  stopped  op- 
posite the  ])oint  where  it  is  desired  to  deposit  the  contents  of  the 
buckets,  and  under  one  of  the  bridge  tramways  which  has  been 
placed  at  that  ];oint. 
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There  are  twcj  of  these  bridge  tramways,  shown  in  Fig. 
7  and  in  plan  No.  2.  Each  liridgc  tramway  consists  of  a  cen- 
tral span  of  250  feet  3  inches,  with  a  cantilever  160  feet  ^  incli 
long  extending  over  the  transfer  track,  and  another  jcantilever 
147  feet  9|-  inches  long  extending  to  the  other  end  of  the  stock- 
yard, making  a  total  length  of  558  feet  i  inch,  end  to  end  of 
stringers,  or  a  total  trolley  travel  of  540  feet  i  inch.  At  one  end  of 
the  central  span  this  superstrncture  is  snpported  by  a  steel  pier 
62  feet  high  above  the  yard  level,  having  a  base  19  feet  6  inches 
X  15  feet,  and  at  the  other  end  by  a  shear  leg  of  the  same  height, 
having  a  spread  at  the  bottom  of  20  feet.     The  general  construction 


Fig.  6.     Bucket  C.\r. 


is  shown  on  general  plan  Xo.  2,  from  which  it  will  be  seen  that  the 
pier  rests  upon  a  ])latform  of  girders,  which  in  turn  is  carried  by 
doul)le  trucks,  while  the  shear  leg  is  carried  directly  l\v  two  sets 
of  equalized  doul)le  trucks.  The  whole  construction  runs  upon 
tracks  laid  on  top  of  the  parabolic  ore  and  limestone  bins  which  will 
be  referred  to  later.  The  motive  power  is  supplied  by  an  electric 
engine  consisting  of  two  135-horse-power  El  well-Parker  motors 
in  an  engine  house  located  on  an  extension  of  the  platform  which 
carries  the  pier,  and  supported  by  another  set  of  double  trucks. 
Power  is  transmitted  to  the  four  sets  of  trucks  under  the  engine 
house  l)y  a  system  of  shafts  and  gears,  so  proportioned  as  to 
develop  a  speed  of  75  to  too  feet  per  minute.     By  means  of  similar 
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shafts  and  i^rariii^-.  rising-  to  the  top  ot'  the  pier,  jiassinj;-  across 
tlic  hridi^c  and  thence  down  to  the  trucks  supportins^"  tlie  shear  leg", 
corrcs])()n(hni;-  motion  is  imparted  to  the  latter.  The  hridt!:c  is  not 
riijidly  attached  to  its  supporting-  ])ier  and  shear  leg,  hut  at  the  pier 
end  it  is  t'ree  to  revoKe,  within  limits,  ahout  a  pin  passing  through 
the  ceiuer  of  the  pier  cap.  the  hearing  plates  of  the  hottom  chord 
resting  on  nests  of  conical  steel  rollers  at  the  pier  top,  while  at  the 
shear  kg  end  the  hridge  is  carried  hy  a  yoke  which  is  suspended, 
hy  means  of  a  4 , '-inch  steel  saddle  rod,  from  a  socket  casting,  which 
in  turn  rests  upon  a  hall  casting  on  top  of  the  shear  leg.  This  con- 
struction jiermits  of  a  skewing  of  the  hridge  to  the  extent  of  i 
foot  in  9  of  length.  The  tilting  of  the  shear  leg,  due  to  this 
motion,  is  taken  care  of  by  providing  ball-and-socket  bearings 
between  the  feet  of  the  shear  legs  and  the  trucks. 

The  compression  chords  of  the  bridge  and  cantilever  are  con- 
structed of  channels  and  plates.  The  tension  chords  of  the  canti- 
levers and  their  hack  stays  consist  of  eye  bars,  while  those  of  the 
bridge  are  of  wide  flat  plates.  The  main  posts  over  the  pier  and 
shear  leg  are  of  channels  laced,  but  all  other  posts  are  of  extra 
strong  gas  pipe  of  varying  sizes.  All  tension  diagonals  are  made 
of  round  rods  of  B  B  iron,  and  braces  of  gas  pipe. 

Between  the  trusses  of  the  bridge  are  transverse  floor  beams 
supporting  two  lines  of  stringers,  suspended  below  them,  and  ui^on 
these  stringers  runs  a  trolley  from  end  to  end  of  the  bridge,  the  pier 
and  shear  leg  being  so  designed  that  there  is  free  room  for  the 
passage  through  them  of  trolley  and  bucket,  all  bracing  being 
omitted  at  those  points  and  the  efifect  of  wind  pressure  and  other 
horizontal  forces  being  taken  up  by  bending  stresses.  This  trolley 
is  (|Ltite  different  from  the  ordinary  type  used  in  these  machines, 
in  which  the  hoisting  rope  leaves  the  main  sheaves  centrally  and 
runs  free  to  the  ends  of  the  structure.  In  this  case  the  length  from 
end  to  end  is  so  great  that  the  sag  in  the  ro]H\  when  the  trolley  is 
at  one  end,  would  cause  it  to  drag  on  the  ore  pile,  and  it  became 
necessary  to  devise  some  means  of  preventing  this  condition.  To 
this  end,  the  rope,  which,  on  account  of  the  high  stress,  is  made 
double,  after  leading  off  from  the  main  sheaves,  is  carried  by  tilted 
deflecting  sheaves  to  the  sides  of  the  trolley,  one  part  to  each  side,, 
whence  it  leads  out  in  each  direction  over  a  series  of  sag  carriers, 
suspended  from  the  trusses,  and  thus  placed  .far  enough  apart 
to  permit  of  the  free  passage  between  them  of  the  block  and  sus- 
pended load.  The. trolley  will  pick  up  the  rope  as  it  passes  over  a 
sag  carrier,  and,  as  it  proceeds,  the  rope  settles  again  into  its  place. 
These  sag  carriers,  consisting  of  small  sheaves  supported  bv  the 
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depending  franies,  may  he  seen  in  Imj;-.  2.  while  the  trolley  is  half 
hidden  behind  the  counterweight  framework  shown  in  Fig.  3. 
Despite  the  precaution  taken  to  guide  the  rope  into  the  sag 
carrier,  as  it  settled  down  from  the  trolley,  it  was  found  that  it 


would  occasionally  flop  over  the  side.  To  prevent  this,  the  inner 
guard  of  the  sag  carrier  was  increased  somewhat  in  length, 
and  a  steel  wire  rope  was  stretched  from  tip  to  tip  throughout  the 
entire  length,  with  the  result  that,  if  the  rope  should  so  flop  out  of 
its  guide,  its  own  tension  caused  it  to  follow  the  guard  rope  back 
over  the  tip  and  into  its  carrier  sheaves. 
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I'roin  the  trolk-y  is  suspt'iidt'd.  by  means  of  a  block  and  clevis, 
a  detachable  bail  which  may  Ik-  attached  quickly  to  any  bucket 
or  detached  from  the  same  at  will. 

The  hoistiiifj^  rope,  from  which  hangs  the  block,  and  which  in 
this  case  is  double,  of  i-inch  plow  steel,  leads  from  a  drum  in  the 
engine  house,  forming  ])art  of  the  engine  already  referred  to, 
through  a  system  of  detlecting  sheaves,  to  the  top  of  the  pier,  thence 
along  the  bridge,  supported  at  intervals  by  the  sag  carriers  already 
described,  to  one  end  of  the  same  and  back  to  the  trolley;  thence, 
after  passing  down  to  the  block  and  up  again,  to  the  other  end  of 
the  bridge,  to  which  it  is  fastened  by  a  sj^ring  bufTfer.  Winding 
upon    two    other    drums    in    tlu-    engine    house    are    the    so-called 


Fig.  8.     Shovel  Bucket. 

"racking  ropes,"  of  which,  after  also  passing  through  the  system 
of  deflecting  sheaves,  one  leads  to  one  end  of  the  bridge,  around  a 
sheave  and  back  to  the  trolley,  and  the  other  to  the  other  end  of 
the  bridge  and  l)ack  to  the  trolley.  These  ropes  are  also  double. 
By  this  means  the  trolley,  with  its  suspended  load,  may  be  rapidly 
moved  to  any  point  l>etween  the  ends  of  the  bridge.  The  speed  of 
hoisting  a  lO-ton  bucket  of  ore,  or  a  total  weight  of  about  13  tons, 
is  from  250  to  300  feet  per  minute,  and  the  speed  of  racking  is  from 
800  to  900  feet  per  minute. 

The  bucket  can  be  dumped  either  in  one  of  the  bins  which  sup- 
port the  bridge  or  on  the  stock  piles  on  either  side  of  and  between 
the  bins,  by  means  of  a  simple  dumping  device,  consisting  of  a 
piece  of  heavy  gas  pipe  suspended  from  the  truss  by  wire  ropes. 


124 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


ORE-IIAXDLIXG  PLANT  AT  THE  CARRIE  FURNACES.      125 

likf  a  trapeze.  This  gas  pipe  can  be  placed  at  any  point  and  at 
such  a  height  that,  as  the  bucket  reaches  it,  it  trips  a  latch  and  the 
bucket  dumps  by  gravity.  To  dump  into  a  bin,  the  trolley  is 
stopped  directly  over  the  desired  point,  and  the  bucket  is  lowered 
until  a  similar  trapeze,  properly  placed,  trips  the  latch.  The  con- 
struction of  the  bucket  is  such  that,  upon  dumping,  the  entire  con- 
tents fall  vertically,  without  any  side  scattering  whatever. 

Another  dumping  device,  applied  to  the  bridge  tramway  at 
Furnaces  Xos.  i  and  2,  of  the  same  plant,  is  shown  in  plan  No.  3, 
and  consists  of  a  light  framework  between  each  truss  and  the 
adjacent  stringer,  extending  along  the  central  portion  of  the  bridge. 
In  this  case  the  bucket  is  lifted  at  one  end  and  brought  to  the 


Fig.  g.     Shovel  Bucket. 

desired  position  under  the  framework.  A  slight  raising  of  the 
bucket  then  brings  a  pair  of  spring  latches  in  contact  with  the  bot- 
tom of  the  framework,  which  thus  releases  them  and  the  bucket 
dumps. 

During  the  summer  season  the  bins  are  ordinarily  filled  by 
buckets  direct  from  the  dumper,  the  excess  of  ore  received  over 
current  requirements  being  deposited  in  the  storage  yard.  When 
navigation  is  closed  in  the  winter,  ore  still  comes  in  from  the  lake 
docks,  where  great  quantities  are  stored,  but  in  the  worst  weather 
it  becomes  impracticable  to  draw  from  this  source,  and,  no  ore 
being  received  from  outside,  the  bins  are  filled  from  the  storage 
yard.  This  is  accomplished  by  the  use  of  a  shovel  bucket,  shown 
in    Figs.    8   and   9,    which    is    attached    to    the    block    in    place 
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of  the  detachable  bail.  This  shovel  bucket  is  lowered  to  the  base 
of  the  pile  of  ore,  and  the  trolley  is  moved  forward  until  the  hoist- 
ing rope  leads  back  at  an  angle  of  about  45  degrees,  when  the  trol- 
ley is  held  in  position  by  a  brake  while  the  hoisting  drum  is  started, 
with  the  result  that  the  bucket  fills  with  the  ore  as  it  drags  up  the 
pile,  and  is  then  carried  to  the  bin  and  dumped. 

The  engine  runs  continuously  and  is  not  reversing,  the  several 
operations  of  digging,  hoisting  and  racking,  and  the  traveling 
of  the  structure,  being  accomplished  by  suitable  clutches  and 
brakes,  manipulated  by  one  operator,  who  is  located  in  a  small 
house  above  the  engine  house,  whence  he  commands  a  view  of  all 
portions  of  the  plant.  The  brake  used  for  holding  the  trolley  while 
digging  is  a  powerful  one,  operated  by  hydraulic  pressure,  but  it  is 
not  sensitive  enough  for  the  ordinary  use  of  controlling  the  motion 
of  the  trolley  while  carrying  a  load.  An  auxiliary  mechanism  is 
therefore  provided,  whereby  the  same  brake  is  operated  by  the  foot, 
and  the  motion  is  easily  controlled.  An  indicator  in  the  operator's 
house,  showing  the  position  of  the  bucket  at  any  moment,  enables 
the  operator  to  dump  it  at  any  desired  point  with  accuracy. 

The  trolley,  with  its  Ijucket,  is  capable  of  making  twenty- 
five  to  thirty-five  trips  per  hour,  according  to  the  distance  which  it 
has  to  travel,  or  an  average  of  thirty  trips  per  hour,  giving  a 
capacity  of  3000  tons  per  day  of  10  hours  for  each  bridge  tram- 
way. Up  to  the  present  time,  the  highest  record  of  buckets  handled 
by  one  machine  is  62  buckets  in  105  minutes,  equal  to  a  rate  of 
254  buckets  in  10  hours ;  but  the  greatest  number  handled  in  a  full 
day  of  10^  hours  is  303,  some  time  being  lost  in  oiling,  adjusting 
the  dumping  trapezes  and  changing  the  position  of  the  bridge  tram- 
way for  dumping  in  different  parts  of  the  yard. 

Returning  now  to  the  car  with  loaded  buckets,  we  have  seen 
that  it  is  stopped  under  the  bridge  tramway,  which  has  already  been 
placed  over  that  portion  of  the  bin  or  storage  yard  where  it  is 
desired  to  deposit  the  ore  or  limestone.  The  last  bucket  from  the 
preceding  car  having  been  emptied  while  the  car  is  moving  away, 
it  is  returned  and  lowered  to  the  vacant  place  in  this  car,  and  the 
detachable  bail  is  transferred  to  the  next  full  bucket,  which  is 
hoisted,  racked,  dumped  and  returned,  and  the  process  is  repeated 
until  the  last  liucket  is  taken,  when  the  car  moves  away  with  three 
empty  buckets,  while  another  car  with  three  full  buckets  takes 
its  place. 

One  of  the  bins,  upon  which  are  laid  the  tracks  which  carry 
the  bridge  tramways,  is  seen  in  Fig.  10.  These  bins  are  para- 
bolic in  form,  and  are  suspended  from  longitudinal  plate  girders, 
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which,  in  I  urn,  arc  supijortcd  at  Irequont  intervals  by  rigid 
frames  consisting-  of  heavy  cohinins  and  transverse  girders,  the 
latter  taking  up  the  horizontal  component  of  the  pull  from  the  sus- 
pension plates.  The  longitudinal  girders  which  carry  tracks  are 
triangular  in  cross-section,  having  two  webs  meeting  at  the  bottom, 
with  a  common  bottom  flange,  and  separated  at  the  top  by  a  dis- 
tance equal  to  the  gage  of  the  track,  but  connected  by  a  wide  plate, 
which,  with  the  connecting  angles,  constitutes  the  top  flange.  The 
outside  web  is  so  inclined  as  to  make  it  tangent  to  the  parabola, 
and  extends  below  the  l)ottom  flange  to  provide  a  connection  for  the 
suspension    ])latcs.     The   inclination   of   the   inside   web    from   the 


Fig.  10.    Bin. 


vertical  is  the  same  as  that  of  the  outside  web.  This  construction 
forming  a  closed  section,  holes  are  provided  in  one  web  to  permit 
of  painting  the  interior.  Vertical  partitions  are  added  at  inter- 
vals, dividing  the  bins  into  a  series  of  pockets,  in  order  that  the 
limestone  and  different  kinds  of  ore  may  be  kept  separate.  In  each 
section,  between  any  two  columns,  two  chutes  are  provided  at  the 
bottom,  one  to  deliver  to  the  right  and  one  to  the  left.  These  are 
closed  by  gates  revolving  about  a  horizontal  axis,  whose  center 
is  a  short  distance  below  the  bottom  of  the  bin.  These  gates  are 
operated  by  steam  power. 

Below  each  bin,  and  at  every  pair  of  posts,  is  a  cross-beam 
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supporting  a  suspended  double  track,  on  which  travel  electric  loco- 
motives, each  with  two  larries.    The  tracks  are  so  located  that  the 
chutes  will  deliver  directly  into  the  larries,  and  the  latter  are  pro- 
vided with  scales,  so  that,  by  drawing  successively  from  different 
pockets,    mixtures    of   ore   in    exact   proportions    can    be    easily 
secured.     An  electric  locomotive,  with  one  larrie,  is  shown  in 
Fig.   II.     At  the  furnace  end  of  each  bin  the  suspended  track 
stringers    are  extended  over  the  pit  into  which  the  skips  are  low- 
ered, and  the  larries,  having  been  properly  filled,  are  pushed  by 
the  locomotive  to  a  position  over  a  chute  guiding  to  the  skip,  and 
are  there  emptied.     Between  the  end  of  the  bin  and  the  skip  is  a 
transfer  table,  operated  by  a  special  electric  motor,  by  means  of 
which,  if  any  accident  should  happen  to  a  locomotive  or  larrie  on 
one  side,  or  if  it  should  become  necessary  to  repair  a  gate  or  its 
operating  mechanism,  the  supplies  could  all  be  drawn  from  one 
side  of  the  bin  and  transferred  from  one  track  to  the  other,  so  as  to 
serve  both  skips.     These  bins  are  used  only  for  the  supplying  of. 
the  various  kinds  of  ore  and  limestone.     The  coke,  which  must  be 
carried  by  the  same  skips,  is  brought  in  in  cars  on  an  elevated 
track,  from  which  it  is  dumped  into  the  coke  bins,  situated  on  each 
side  of  the  skip  pit,  as  shown  on  general  plan  No.  i.     From  these 
bins  the  coke  is  drawn  off  through  gates  into  the  side  chutes  lead- 
ing to  the  skips.     Two  skips   are  used,   running  on   an   inclined 
double  track,  as  shown  in  Fig.  2,  from  the  bottom  of  the  pit, 
in  which  they  receive  their  loads,  to  the  top  of  the  furnace,  where 
they  are  automatically  dumped  by  means  of  a  peculiar  arrange- 
ment of  tracks  and  wheels.     The  front  wheels  are  of  ordinary 
width,   and   follow   the  main  track.     The   rear   wheels   are  much 
wider,  extending  beyond  the  main  track  to  such  an  extent  that, 
at  a  point  near  the  top  of  the  furnace,  where  a  second  track  is  added 
outside  the  main  track,  these  wheels  will  run  on  and  follow  the  sec- 
ond track.     This  track  continues   in  the   same   inclined   plane   in 
which  lies  that  portion  of  the  main  track  below  the  point  referred 
to,  insuring  the  continued  upward  motion  of  the  rear  end  of  the 
skip,  while  at  that  point  the  main  track  leaves  this  plane  and  fol- 
lows a  vertical  curve,  whose  center  is  below  the  track,  thereby 
leading  the  front  wheels  in  toward  the  center  of  the  furnace.     The 
rear  wheels  having  continued  to  rise,  the  skip  is  tipped  toward  the 
furnace  and  the  contents  are  dumped  into  a  large  hopper.     The 
hoisting  mechanism  being  reversed,  the  skip  descends  while  its 
mate  rises,  the  weights  of  the  skips  counterbalancing  each  other, 
so  that  the  power  required  is  only  that  necessary  to  lift  the  load 
and  overcome  the  friction. 
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At  the  l)()ltom  of  the  hopper  is  a  cone,  which  distrihutcs  its 
contents  with  approximate  ecpiahty,  as  the  ore,  Hniestone  and 
coke  pass  thronoh  onto  a  small  \)c\\.  When twoskiploads  have  thus 
been  deposited  on  the  small  hell,  it  is  lowered  and  the  distributed 
mass  falls  upon  the  laryc  bell.  Aj^ain  two  skii)loads  are  deposited 
upon  the  small  bell,  and  it  is  once  more  lowered.  After  the  small 
bell  has  been  raised  ai^ain  to  its  upper  position,  so  as  to  form  a  seal 
for  the  qas,  the  large  bell  is  lowered  and  the  entire  mass  falls  into 
the  furnact'.  adding-  a  well-distribnled  layer  to  those  which  have 
preceded  it. 
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II.     Electric  Lorn  motive  .\nu  Lark  v. 


This  presents  in  outline  the  course  of  the  raw  materials  as 
tlie\'  i)ass  from  the  cars,  in  which  they  reach  the  yard,  to  the  interior 
of  the  furnace,  all  operations,  after  the  cars  are  left  by  the  locomo- 
tive on  the  dumper  floor,  being  performed  l\v  electricity  and  con- 
trolled by  the  minimum  mnnber  of  human  hands,  only  eig^hteen 
men  being  recpn'red  to  ])erform  all  the  operations  described  for  the 
two  furnaces.  .\s  suggested  at  the  beginning,  it  is  in  the  great  re- 
duction of  manual  labor,  effected  by  these  appliances,  that  the 
economy  of  installing  them  at  considerable  cost  is  found,  InU  it  is  an 
easy  matter  to  show  that,  with  this  plant  efficiently  operated  to  its 
maximum  capacity,  a  saving-  in  the  cost  of  production  can  be  se- 
cured equal  to  from  40  to  50  cents  per  ton  of  pig  iron,  which,  at  the 
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rated  capacity  of  the  two  furnaces  of  1400  tons  per  day,  amounts 

to  an  annual  saving  of  from  $200,000  to  $250,000. 

It  is  not  strictly  within  the  scope  of  this  paper,  but  it  may  be 
of  interest  to  note  that  the  elevated  structure  at  the  left  of  Figs. 
2  and  3  is  the  approach  to  the  Union  Railroad  Company  s  bridge 
across  the  Monongahela  River,  built  and  used  solely  for  trans- 
porting the  molten  metal  in  large  ladles  from  these  furnaces  to 
the  steel  furnaces  of  the  Homestead  Works,  on  the  other  side 
of  the  river. 
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THE   BAI/JIMORE    DllY    DOCK    OF   TlIK    WM.    SKINNER 
&  SONS  SIII1»BUII^I>IN(J  AND  DRY  DOCK  COMPANY. 


Bv  James  Ritchie,  Member    Civil  Engineers'  Club  of  Cleveland,  Ohio. 


[Read  before  the  Club,  October  8,  1901.*] 
In  February,  1899,  the  writer  was  requested  to  prepare  plans, 
specifications  and  estimates  of  cost  for  a  timber  dry  dock  for  the 
W'm.  Skinner  &  Sons  Company,  of  Baltimore.  After  the  plans 
had  been  prepared  it  was  thought  better  to  construct  the  dock  of 
concrete  and  masonry,  and  plans  were  made  on  that  basis.  Pro- 
posals were  received  for  a  concrete  dock,  but  the  company  decided 
to  construct  the  dock  of  timber,  with  a  concrete  and  masonry 
entrance.  The  plans  and  specifications  were  modified  to  conform 
to  this  decision,  and  on  June  29,  1899,  a  contract  was  awarded  to 
the  Delaware  Construction  Company,  of  Wilmington,  for  the  con- 
struction of  the  dock  and  approaches,  and  that  contract  will  be  com- 
pleted by  November  i  of  this  year. 

The  accompanying  drawings  show  the  general  plan,  midship 
and  longitudinal  sections,  section  through  masonry  entrance  and  the 
plans  and  sections  of  the  power  house. 

The  principal  dimensions  of  the  dock  are  as  follows :  Length 
over  all.  626  feet ;  length  on  keel  blocks,  576  feet ;  distance  from 
inner  face  of  gate,  when  placed  in  outer  grooves,  to  head  of 
dock  on  keel  blocks,  600  feet ;  width  of  entrance  at  bottom  in  clear, 
60  feet  2f  inches ;  width  of  entrance  at  top  in  clear,  80  feet  2f 
inches;  width  of  basin  on  top,  125  feet;  depth  of  water  on  inner 
sill  at  low  tide,  22^  feet. 

Within  the  last  three  months,  and  after  visiting  the  new  dock 
at  Newport  News,  it  was  decided  to  build  at  the  head  of  the  dock 
a  pocket  which  will  allow  the  bow  of  a  vessel  to  extend  23  feet 
4  inches  beyond  the  original  head  of  the  dock,  and  will  enable 
us  to  dock  a  vessel  600  feet  long  over  all. 

The  location  of  the  dock  is  such  that  it  could  not  be  wholly 
constructed  within  the  limits  of  the  existing  shore  line,  as  will  be 
seen  by  examining  the  plan.  In  fact,  the  concrete  and  masonry 
of  the  entrance  were  constructed  at  a  distance  of  about  208  feet 
from  the  shore,  but  still  inside  of  the  established  harbor  lines.  This 
entrance  had  to  be  excavated  to  a  depth  of  36  feet  below  low  water, 
and  covered  a  space  of  44  by  164  feet,  requiring  the  above  depth 
over  the  entire  space.  To  accomplish  this  work  and  to  provide  a 
permanent  protection  for  the  same  after  the  completion  of  the  dock, 
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a  bulkhead  was  constructed  of  lO  x  12-inch  tongued  and  grooved 
sheet  piHng,  from  34  to  48  feet  in  length,  driven  in  two  rows  16 
feet  apart,  braced  by  guide  piles,  12  x  12-inch  timbers  and  i|-inch 
iron  rods  every  10  feet,  the  inside  walls  of  these  bulkheads  being 
from  132  to  145  feet  apart.  On  the  south  side  of  the  dock, 
opposite  the  south  abutment,  a  third  row  of  sheet  piling  was  driven 
outside  of  the  bulkhead,  and  between  the  two  outer  rows  the  con- 
crete wall  of  the  power  house  was  constructed. 

The  entire  area  of  the  dock  was  then  dredged  to  the  depth 
required  for  the  dock  bottom,  and  the  entrance  closed  by  a  coffer- 
dam of  the  same  form  as  the  protection  bulkheads.  The  16-foot 
space  between  the  walls  of  the  bulkheads  and  cofferdam  was  filled 
with  clay,  and  the  water  in  the  dredged  portion  was  pumped  out. 
During  the  process  of  pumping  out,  braces  w^ere  put  in  from  side 
to  side  of  the  basin,  supporting  them  on  temporary  piling,  which 
effectually  prevented  the  bulkheads  from  yielding  to  the  outside 
pressure.  Also,  there  were  two  rows  of.  10  x  12-inch  tongued  and 
grooved  sheet  piling  driven  across  the  dock,  one  at  each  end  of  the 
proposed  excavation  for  the  entrance  masonry,  and  these  two  rows 
were  braced  together  by  heavy  timbers.  The  end  cofferdam  was 
also  braced  with  timbers  to  the  outer  of  these  cross-rows,  and  the 
inner  row  was  braced  to  a  line  of  piling  in  the  inner  basin,  after- 
w^ard  used  as  a  part  of  the  supports  for  the  dock  door. 

After  the  water  was  pumped  out  the  bottom  of  the  entrance 
excavation  was  finished  to  the  required  depth,  and  the  work  of 
concreting  was  commenced.  The  foundation  soil  was  a  hard  white 
clay,  of  such  firmness  that  the  sheet  piling  had  broomed  up  on  the 
ends  as  if  they  had  struck  rock.  Above  this  clay  there  was  fine 
white  sand,  of  variable  depth  and  occurring  in  pockets,  and  this 
material  caused  us  considerable  trouble  by  reason  of  its  water- 
bearing character.  Above  the  sand  was  a  stratum  of  red  gravel, 
very  hard  and  compact,  in  which  some  of  the  sheet  piles  had  brought 
up,  so  that  in  some  cases  we  had  to  excavate  below  the  ends  of  the 
piling  to  secure  our  depth.  By  careful  handling  of  the  concreting, 
we  overcame  the  difficulties  caused  by  the  water,  and  concreted  the 
whole  area  up  to  the  level  of  the  under  side  of  the  apron  masonry 
without  serious  trouble.  In  order  to  prevent  leakage  from  the  out- 
side when  the  dock  should  be  in  service  we  excavated  a  trench 
3  feet  deep  in  the  white  clay  clear  across  the  entrance,  and  filled 
the  same  with  concrete,  to  act  as  a  cut-off  wall. 

The  south  abutment  was  designed  to  contain  the  pumping 
plant,  and  a  tunnel  to  convey  the  water  from  the  dock  to  the  pumps 
was  formed  in  the  concrete.     The  tunnel  was  6  feet  wide  and  6 
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feet  high,  and  its  roof  was  formed  of  concrete  io|  feet  thick,  the 
upper  surface  of  which  formed  the  floor  of  the  engine  room.  Iron 
beams  12  inches  deep  were  set  on  the  walls  of  the  tunnel  and 
imbedded  in  the  roof,  and  the  suction  pipes  of  the  pumps  and  foun- 
dation bolts  of  the  engines  were  also  built  into  the  concrete.  The 
suction  pipes  had  flanges  cast  on  them  at  intervals,  projecting  into 
the  concrete,  to  serve  as  supports  and  to  cut  off  seepage  of  water. 
At  the  distance  of  3  feet  below  the  floor  and  the  same  distance 
back  from  the  face  of  the  engine  room  walls  a  layer  of  Portland 
cement  mortar  was  put  in  for  the  purpose  of  overcoming  the  porous 
nature  of  concrete  and  preventing  leakage.  As  the  walls  were  built 
up  this  layer  of  mortar,  which  was  3  inches  thick,  was  carried 
with  them  to  a  point  above  high  water  mark,  the  floor  of  engine 
room  being  16  feet  below  low  water  line. 

All  of  the  concrete  used  on  this  work  is  made  of  one  part  of 
American  Portland  cement,  two  parts  of  sand  and  five  parts  of 
broken  stone,  and  this  mixture  we  found  very  satisfactory.  The 
cement  used  was  what  is  known  as  "Dragon,"  made  in  the  Lehigh 
Valley,  and  each  lot  of  one  hundred  barrels  was  tested  for  tensile 
strength  after  seven  and  after  twenty-eight  days'  setting.  Hot  and 
cold  pat  tests  were  also  made,  both  in  air  and  water,  and  the  results 
were  such  as  to  show  a  good  quality  of  cement.  We  had  consider- 
able trouble  in  securing  a  good  quality  of  sand,  but,  after  repeated 
rejections,  a  very  fair  material  was  obtained.  The  broken  stone 
was  generally  very  good,  being  clean,  uniform  in  size  and  of  a  good 
quality  of  granite. 

The  facing  of  the  abutments  and  the  floor  of  the  aprons  was 
of  Port  Deposit  granite,  and  is  a  very  fine  piece  of  work.  The  sill 
stones  are  6  feet  thick,  and  weigh  from  14  to  17  tons  each. 
They  rest  upon  the  concrete  base,  which  is  from  8  to  10  feet 
in  thickness.  The  apron  floor  is  of  granite,  from  2  to  3  feet  in 
thickness,  according  to  location.  The  abutments  are  faced  with 
granite  in  courses  of  2  feet  in  thickness,  the  stretchers  being 
not  less  than  6x4  feet  and  the  headers  3x6  feet,  which 
gives  the  walls  a  very  massive  appearance.  All  the  stones  are 
doweled  together  on  the  beds,  and  the  outer  sills  are  tied  to  the  inner 
sills  by  sieel  bands  bedded  in  the  concrete  base. 

As  soon  as  the  concreting  reached  the  floor  level  of  the  engine 
room,  which  is  10  feet  above  the  floor  of  the  dock,  the  Morris 
!\Iachine  Company,  contractors  for  the  pumps  and  engines,  com- 
menced to  set  the  same  in  place  and  to  put  in  the  discharge  pipes 
which  go  through  the  outer  walls,  and  had  to  be  concreted  into 
place.     There  are  three  main  pumps,  each  capable  of  discharging 
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35,000  gallons  of  water  per  minute,  and  one  drainage  pump,  all 
being  of  the  centrifugal  type.  The  latter  is  for  the  purpose  of  tak- 
ing care  of  the  leakage  of  dock  when  same  is  in  use.  Each  pump 
is  operated  by  a  vertical  single  high-pressure  steam  engine,  and 
is  furnished  with  gate  valves  in  both  the  discharge  and  suction 
pipes.  The  pumps  will  discharge  wholly  below  the  level  of  the 
water  in  the  harbor,  and  can  thus  be  primed  at  any  time  by  opening 
the  valves  in  the  discharge  pipes. 

The  foundations  of  the  boiler  room  consist  of  a  bed  of  concrete 
7  feet  thick,  supported  upon  a  grillage  floor  which  rests  on  piling. 


taxtftOak 


Half  Cross-section  of  Dock  Midships. 


The  concrete  extends  down  below  low  water  line,  and  in  it  there  is 
formed  an  air  duct  for  the  forced  draft.  The  boiler  plant  consists 
of  a  battery  of  three  Heine  water  tube  boilers  of  350  horse  power 
each,  or  a  total  of  1050  horse  power.  In  addition  to  this  battery  there 
is  an  auxiliary  tubular  boiler  for  furnishing  steam  for  the  drainage 
pump  and  the  pumps  in  the  gate,  as  well  as  the  engine  that  drives 
the  air  fan. 

As  soon  as  the  pumps  and  boilers  were  in  place  the  contractors 
erected  the  power  house  superstructure,  which  is  a  brick  building 
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with  an  iron  roof,  and  which  will  have  a  platform  4  feet  wide 
around  the  engine  room,  with  stairs  leading  down  to  the  engine 
platforms. 

The- dry  dock  basin  is  constructed  of  piling  and  timber,  as 
shown  on  the  plans  and  cross-section.  There  are  thirteen  longi- 
tudinal rows  of  piles,  capped  with  12  x  12-inch  timbers,  drift  bolted 
to  the  piles.  Upon  these  caps  are  placed  the  transverse  sills,  se- 
curely boted  to  the  caps.  These  consist  of  16  x  18-inch  Oregon 
fir  timbers,  placed  4  feet  apart  on  centers.  Every  alternate  timber 
is  70  feet  long,  the  intermediates  being  14  feet  long.  On  these 
timbers  are  placed  the  keel  blocks  every  4  feet,  and  the  slide  or 
bilge  blocks  every  8  feet,  for  supporting  the  vessels  when  in 
dock.  The  floor  is  of  oak  plank  4  inches  thick,  spiked  to  supports 
which  rest  upon  and  are  bolted  to  the  longitudinal  caps.  The  floor 
slopes  from  the  center  of  dock  to  the  sides,  and  at  each  side  there  is  a 
longitudinal  drain  which  empties  into  a  cross-drain  leading  to  the 
tunnel  under  the  engine  room.  The  slopes  are  formed  of  five  rows 
of  piles  on  each  side  of  dock,  capped  with  12  x  12-inch  timbers 
longitudinally  of  dock,  and  braced  by  12  x  12-inch  braces  from  ends 
of  transverse  timbers  to  waling  pieces  bolted  to  the  rows  of  piles. 
The  slope  timbers  are  12  x  14  inches  every  8  feet,  resting  on  and 
bolted  to  the  caps  and  framed  into  the  upper  side  of  the  main  cross- 
timbers  of  floor.  Another  slope  timber,  8  x  14  inches,  is  placed 
midway  between  the  main  slope  timbers,  and  framed  into  a  filler 
which  runs  between  the  main  cross-timbers  of  floor.  There  are  four 
chutes  on  each  side  of  the  dock,  extending  from  top  to  bottom  of  the 
slopes,  for  the  delivery  of  material  into  the  bottom.  These  are  8 
feet  wide,  and  are  made  of  6-inch  oak  plank  laid  on  the  slope  tim- 
bers, and  having  a  combing  on  each  side  consisting  of  an  8  x  14- 
inch  timber.  The  remainder  of  the  side  slopes  are  covered  by  altars 
or  steps,  having  a  rise  and  tread  of  10  inches,  the  top  being  finished 
by  an  oak  coping  made  of  two  pieces  of  12  x  12-inch  edge,  bolted  to- 
gether; all  the  altars  being  spiked  to  the  slope  timbers,  and  the  cop- 
ing being  drift  bolted  to  the  upper  cap.  The  head  of  the  dock  has  an 
extension,  previously  mentioned,  made  by  setting  in  10  x  i2-inch 
sheet  piling  and  bolting  same  to  heavy  timbers  framed  into  the  caps 
and  floor  timbers,  and  braced  in  every  possible  manner. 

As  the  east  line  of  the  street  was  only  16  feet  from  the  top  of 
the  dock  at  its  head  and  12  feet  above  same,  it  was  thought  best  to 
concrete  the  slopes  at  the  head  of  the  dock  and  also  the  sides  for 
a  distance  of  about  60  feet  from  the  head  end,  to  prevent  any  possi- 
bility of  the  settlement  of  the  outside  earth.  Also  at  the  end  of  the 
dock  on  the  north  side,  just  inside  of  the  entrance  masonry,  where 
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the  top  of  slope  approached  very  nearly  to  the  inside  wall  of  the 
protection  bulkhead,  we  placed  a  solid  wall  of  concrete.  In  all 
other  parts  of  the  slope  the  earth  excavated  from  the  bottom  was 
filled  in  back  of  the  altars  as  they  were  placed  in  position. 

On  September  25,  1901,  the  contractors  finished  cleaning  up 
the  dock  and  removed  all  temporary  pumps  and  engines  from  the 
same,  allowing  the  water  to  gradually  flow  in  until  the  dock  was 
filled,  and  then  commenced  to  remove  the  end  cofferdam  and 
dredge  out  the  entrance.  This  will  be  completed  about  October 
20,  and  the  gate  will  then  be  placed  in  position  and  the  dock  pumped 
out  for  a  final  test. 

The  gate  is  a  steel  caisson,  made  to  set  in  the  grooves  of  the 
masonry  entrance,  and  to  be  sunk  into  position  by  filling  its  com- 
partments with  water.  It  is  provided  with  six  Ludlow  gate  valves 
for  letting  water  into  the  dock,  each  valve  being  36  inches  in  diame- 
ter, and  with  valves  for  filling  and  emptying  the  caisson.  There 
is  also  an  engine  and  pump  for  emptying  the  caisson,  they  being 
placed  on  the  main  deck.  Steam  will  be  furnished  through  hose 
connections  from  the  auxiliary  boiler  in  the  power  house. 

A  retaining  wall  of  rubble  masonry,  158  feet  long,  has  been 
built  to  protect  the  street  at  the  head  end  of  the  dock,  giving  a  drive 
12  feet  wide  around  the  head  of  the  dock.  The  side  street  is 
protected  by  the  sheet  pile  bulkhead  driven  along  the  street  line 
at  the  commencement  of  the  work. 

On  each  side  of  the  dock,  and  extending  its  entire  length,  is 
a  water  pipe,  with  hose  connections  between  every  chute,  for  use 
in  washing  out  the  dock.  This  pipe  is  connected  to  the  supply  pipe 
from  the  city  mains,  and  also  to  the  pumps  in  the  power  house,  so 
that  in  any  case  a  full  supply  of  water  for  washing  out  or  for  fire 
protection  can  be  furnished. 

The  keel  blocks  are  placed  at  intervals  of  4  feet  on  the  center 
line  of  dock.  They  are  3^  feet  high,  being  made  of  three  pieces  of 
12  X  16-inch  and  one  piece  of  6  x  16-inch  oak,  bolted  to  the  cross- 
timbers  of  floor.  The  slide  or  bilge  blocks  are  placed  every  8  feet, 
and  arranged  to  be  adjusted  to  the  shape  of  the  vessel,  both  by 
hinging  the  upper  block  and  by  sliding  the  entire  block  on  the  floor 
timber.  Iron  dogs,  working  in  a  rack  on  the  floor  timber,  hold  the 
blocks  in  place,  and  the  dogs  can  be  released  by  a  pull  of  the  chains 
used  for  moving  the  blocks  back. 

The  work  of  construction  was  under  the  immediate  charge  of 
Mr.  C.  P.  Ruple,  resident  engineer,  who  had  a  force  of  assistants 
on  the  work  at  all  times,  and  the  successful  completion  of  the  work 
without  accident  is  largely  due  to  their  constant  presence  and  care. 


Editors   reprinting  articles  from  this  journal  are  requested   to  credit  not  only  the 
Journal,  but  also  the  Society  before  which  such  articles  were  read. 


A 


SSOCIATION 


OF 


Engineering  Societies. 


Organized    1881. 


Vol.  XXVII.  NOVEMBER,  1901.  No.  5. 


This  -Association  is  not  responsible  for  the  subject-matter  contributed  by  any  Society  or  for 
the  statements  or  opinions  of  members  of  the  Societies. 


TIIK  T.OWER  MISSISSTl^n  11TVT:R:  FIIYSTCAT.  CIIAK AC- 
TERISTICVS,    METHODS    OF    IMPJIOVEMKXT, 
CIIAKACTKR    AND    VOI.UME 
OF    TRAFFIC* 


Bv  J.  A.  OcKERSON,  Member  of  the  Engineers'  Club  of  St.  Louis. 

A  STRi:.\M  carrying  the  drainage  of  an  area  of  1,256,000  square 
miles,  having  15,000  miles  of  navigable  tributaries  and  which  is 
itself  2500  miles  in  length,  justifies  the  appellation  of  "Father  of 
Waters."  The  Alississippi  River,  rising  in  Northern  Minnesota, 
where  its  waters  are  ice-bound  for  nearly  half  the  year,  flows  south- 
ward, gathering  strength  and  volume  on  its  way  to  the  sea  until  it 
finally  enters  the  Gulf  of  Mexico,  where  it  washes  the  shores  of 
semi-tropical  Louisiana. 

The  regulation  and  control  of  a  river  of  such  magnitude 
involves  problems  which  greatly  tax  the  ingenuity  and  skill  of  man 
to  solve.  In  its  lower  half  the  river  oscillates  in  volume  from  a 
iniiiimuin  tlow  of  65,000  cubic  feet  per  second  to  a  maximum  of 
2,000.000  cubic  feet  per  second,  and  the  oscillations  in  stage  between 
extreme  high  and  low  water  amount  to  53  feet.  About  1250  miles 
above  its  mouth  the  ?^lissouri  River  enters,  with  its  sediment-laden 
waters  that  are  prolific  in  hindrances  to  navigation.  This  sediment 
and  that  derived  from  the  erosion  of  the  alluvial  banks  form  the 

*A  portion  of  this  paper  was  read  before  the  International  Engineering 
Congress  at  Glasgow,  Scotland,  September  4,  1901.  It  was  later  revised  by 
the  author  and  enlarged  so  as  to  cover  the  question  of  river  transportation, 
and  in  this  shape  was  read  before  the  Engineers'  Club  of  St.  Louis,  Septem- 
ber 18,  1901.  It  was  profusely  illustrated  with  lantern  slide  views,  some  of 
which  are  reproduced  here. 
12 
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sand  bars  which  develop  during  the  faUing  stages  of  the  river,  and 
become  at  low  stages  formidable  obstructions  to  navigation. 

It  will  thus  be  seen  that  there  are  two  distinct  problems, — one 
involving  the  improvement  of  low  water  navigation  and  the  other 
the  prevention  and  control  of  destructive  floods.  Incidentally,  the 
works  executed  for  the  latter  have  a  direct  influence  on  the  former, 
by  preventing  a  dispersion  of  the  waters,  and  thus  inducing  a  scour- 
ing effect  in  the  bed,  which  enlarges  its  capacity.  The  lower  half  of 
the  stream  flows  in  an  alluvial  bed  of  its  own  formation,  the  banks 
of  which  are  very  easily  eroded.  This  erosion  takes  place  for  the 
most  part  on  falling  stages.  The  banks,  being  composed  of  alter- 
nate layers  of  sand  and  silt,  or  clay,  are  disintegrated  by  the  layers 
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The  Mississippi  River  Watershed. 


of  sand  being  washed  out  when  the  water  in  the  saturated  banks 
recedes  toward  the  river  as  it  falls.  This  leaves  the  clav  unsupported 
and  causes  the  banks  to  collapse  in  large  masses,  which  slide  into 
the  river  and  then  disintegrate  from  the  force  of  the  current.  In  the 
885  miles  of  the  river  lying  below  the  mouth  of  the  Ohio  River  this 
erosion  or  caving  amounts  to  an  average  of  9^  acres  in  area  for 
each  mile  of  river  in  a  year,  or  a  volume  of  about  1,003,579  cubic 
yards  for  each  mile  of  river  per  year.  The  total  annual  amount  of 
erosion  for  this  reach  equals  10  square  miles  86  feet  in  depth. 

In  its  natural  condition  the  river,  below  the  mouth  of  the  Ohio, 
overflowed  its  banks  at  flood  stages,  which  generally  occur  in  the 
spring  months.  The  destructive  floods  invariably  come  from  the 
Ohio  River  and  its  tributaries,  chief  among  which  are  the  Tennessee 
and  Cumberland  Rivers,  which  drain  a  region  in  which  the  rainfall 
is   exceptionally,  heavy.      The  alluvial  basin   subject  to  overflow 
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covers  an  area  of  about  30,000  square  miles.  It  has  a  soil  of  re- 
markable fertility,  which  yields  enormous  crops  of  cotton  and 
sugar  cane.  It  is  thus  capable  of  sustaining  a  large  population, 
adding  very  materially  to  the  wealth  of  the  country.  This  brief 
description  of  the  physical  conditions  of  the  stream  is  essential  to 
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Lower  Alluvial  V.xlley  of  the  Mississippi  River. 

Showing  area  subject  to  overflow  antl  lower  limits  of  watershed. 

an  understanding  of  the  problems  relating  to  its  improvement  and 
the  methods  employed  therein. 

From  St.  Louis  to  Cairo,  a  distance  of  180  miles,  the  work  pro- 
jected at  present  contemplates  a  channel  8  feet  deep  at  low  water 
and  having  a  width  of  2000  feet.  The  overflow^  stages  are  not  of 
such  frequent  occurrences  as  to  justify  expensive  embankments  or 
levees  to  control  the  floods.  The  high  stages  occur  in  the  months 
of  May  and  June,  while  the  low  water  season  generally  begins  with 
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September,  and  often  extends  into  the  winter  months.  The  system 
of  improvement  adopted  for  this  reach  consists  in  contracting-  the 
channel  and  closing  the  side  chutes  or  channels  by  means  of 
permeable  dikes  and  hurdles.  This  requires  that  the  banks  must  be 
held,  which  is  done  by  means  of  revetment.  Work  is  also  done 
with  hydraulic  dredgers  and  temporary  portable  dikes,  which  are 
used  to  open  channels  through  obstructing-  bars.  (3n  the  comple- 
tion of  the  contraction  works  now  in  progress,  it  is  expected  that  a 
navigable  channel  of  8  feet  in  depth  at  low  water  will  be  readily 
maintained. 

The  Mississippi  River  Commission  is  charged  with  the  survey 
and  study  of  the  physical  conditions  of  the  river  from  its  source  to 
the  Gulf  of  Mexico.  This  survey  consists  of  a  chain  of  high-grade 
triangulation  and  a  line  of  precise  levels,  which  form  the  basis  for  a 
topographical  survey  covering  a  width  of  about  a  mile  on  either  side 
of  the  river,  and  also  for  a  hydrographic  survey  giving  depths, 
slopes,  volume  of  discharge,  etc.  Permanent  marks  or  monuments 
are  left  at  frequent  intervals,  and  these  serve  as  the  initial  points 
from  which  subsequent  surveys  are  made  for  ascertaining  changes 
occurring  in  the  bed  or  banks  of  the  river.  The  general  survey, 
made  in  great  detail,  has  been  nearly  completed ;  and  about  2000 
miles  of  the  river  have  been  mapped,  and  the  maps  have  been  pub- 
lished on  a  scale  of  i  :  20,000. 

The  chief  construction  work  of  the  commission  has  been  con- 
fined to  that  portion  of  the  Mississippi  River  lying  between  the 
mouth  of  the  Ohio  and  New  Orleans.  The  work  has  consisted  of 
contracting  the  channel  in  wide  places,  revetment  and  dredging.  A 
bill  pending  before  the  last  Congress  required  that  a  thorough  study 
shall  be  made  with  a  view  of  ascertaining  the  feasibility  and  practi- 
cability of  securing  an  ample  waterway  14  feet  in  depth ;  the  ulti- 
mate object  being  to  secure  a  14-foot  channel  from  Lake  Michigan 
to  the  Gulf  of  Mexico  via  the  Illinois  and  Mississippi  Rivers.  The 
present  law  contemplates  a  channel  not  less  than  9  feet  in  depth  at 
the  lowest  stages  of  the  river.  Under  natural  conditions  this  depth 
prevails  for  an  average  period  of  about  eight  months  in  the  year. 
The  low  water  period  generally  ranges  from  the  middle  of  August 
to  December.  This  is,  however,  the  period  when  the  grain  crops 
are  moving  and  good  navigation  is  most  urgently  needed.  As  the 
permanent  improvement  of  a  stream  of  such  great  length  will  neces- 
sarily require  a  long  period  of  time,  temporary  expedients  for  the 
relief  of  navigation  must  be  used,  for  which  purpose  hydraulic 
dredges  of  large  capacity  have  been  constructed.  An  experimental 
dredge  was  first  constructed  and  worked  for  a  period  of  over  two 
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years,  for  the  purijosc  of  asccrtainiii}^  whether  drc(l}^in}2^  in  a  stream 
where  such  cimrmnus  (|uantities  of  material  are  continually  moved 
along-  the  bed  by  the  current  could  give  any  beneficial  results,  and 
also  to  learn  by  exix-ricncc  how  to  maneuver  and  operate  a  dredge 
and  discharge  the  material  in  strong  currents.  These  experiments 
and  work  done  since  then  have  fully  established  the  fact  that  a 
powerful  hydraulic  dredge  can  o])en  an  ample  navigable  channel 
through  an  obstructing  sand  bar  and  maintain  it  at  a  cost  fully 
justifying  the  expense.  There  is  now  in  the  service  of  the  com- 
mission a  licet  of  eight  dredges,  witli  a  combined  working  capacity 
of  over  10,000  cubic  yards  jkt  hour. 


U.   S.  Dredge  "Iota. 


A  description  of  one  of  the  later  t\|)e  of  dredges  now  under 
construction  will  give  a  good  general  idea  of  what  is  considered 
essential  to  a  good  dredge  for  work  in  a  stream  where  the  material 
to  be  moved  is  river  sand.  This  type  of  dredge  is  provided  with 
propelling  power  operating  two  side  wheels.  The  hull  is  of  steel, 
and  ample  cabin  accommodation  for  machinery  and  crew  is  pro- 
vided. The  general  dimensions  are  as  follows:  Length,  molded, 
192  feet;  width,  molded,  44  feet;  depth,  molded,  7  feet;  maximum 
width  over  wheels,  70  feet ;  suction  well  at  bow,  25  x  33  feet ;  work- 
ing draft,  4  feet ;  cabin.  44  x  130  feet ;  diameter  of  centrifugal  pump, 
75  inches ;  suction  and  discharge  pipes,  32  inches  diameter ;  length 
of  discharge  pipe,  500  feet;  main  engine  (tandem  compound),  16 
and  26  X  20  inches;  and  seven  boilers,  with  four  ii-inch  flues,  44 
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inches  in  diameter  and  30  feet  long.  The  capacity  of  the  dredge 
is  1000  cubic  yards  of  sand  per  hour,  dehvered  through  1000  feet 
of  discharge  pipe  at  a  pump  speed  of  160  revolutions  per  minute. 
(See  illustration  of  sand  pump  dredge.) 

The  sand  pump  has  a  suction  on  each  side  of  the  pump  casing, 
and  the  discharge  leaves  the  casing  from  the  lower  side  and  follows 
along  a  pipe  laid  on  the  lower  beams  of  the  hull  to  the  stern,  where 
it  is  connected  with  a  floating  pipe  line.  This  floating  discharge 
pipe  is  carried  on  pontoons  in  lengths  of  100  feet,  coupled  together 
with  flexible  joints  of  rubber,  so  as  to  discharge  outside  of  the 
channel.  The  discharge  pipe  line  can  be  deflected  by  means  of 
shifting  the  pontoons,  and  also  by  the  use  of  a  baffle  plate  at  the  end 
of  the  line.  The  pump  runner,  75  inches  in  diameter,  has  five 
blades,  and  is  keyed  upon  a  steel  shaft.  The  blades  are  provided 
with  removable  wearing  plates  if  inches  thick.  The  casing  is  of 
cast  iron.  The  intake  of  the  suction  is  in  two  parts,  each  ii-|  feet 
long  b\'  8^  inches  deep.  These  suction  heads  are  brought  down  to 
a  section  22  inches  square,  and  enter  the  hull  by  means  of  radial 
joints,  which  admit  of  raising  and  lowering  the  suctions  at  will. 
This  motion  is  efifected  by  wire  ropes  passing  over  sheaves,  and 
operated  by  suitable  winding  engines.  The  material  at  the  suction 
intake  is  loosened  by  water  jets  from  twelve  2-inch  nozzles  work- 
ing vmder  a  pressure  of  60  to  120  pounds  per  square  inch  by  means 
of  a  horizontal  duplex  compound  plunger  pump.  The  main  engines 
are  horizontal  condensing  engines  of  the  tandem  compound  type 
of  the  dimensions  given  above.  The  boilers  are  of  the  Mississippi 
River  type,  bituminous  coal  being  used  as  fuel.  The  dredge  is 
provided  with  an  electric  light  plant,  refrigerating  plant  and  steam 
steering  gear.  Ample  accommodation  is  provided  for  quarters  and 
for  maintaining  a  double  crew.  A  well-equipped  machine  shop  pro- 
vides facilities  for  making  ordinary  repairs. 

When  in  operation,  the  dredge  is  manipulated  by  two  wire 
cables  i  inch  in  diameter  and  1200  feet  long,  one  end  being  attached 
to  hauling  drums  48  inches  in  diameter  and  the  other  to  hollow  iron 
piling  or  mushroom  anchors  securely  placed  in  the  bed  of  the  river. 
With  the  cables  all  paid  out,  the  dredge  is  at  the  lower  side  of  the 
sand  bar  to  be  cut  through,  and  it  is  pulled  up-stream  at  a  speed 
varying  with  the  depth  of  the  cut  and  character  of  material.  For 
depths  of  5  feet,  the  rate  of  movement  ranges  from  about  90  to  150 
feet  per  hour,  or  sometimes  even  as  high  as  200  feet  of  cut  per  hour. 
After  one  cut  is  finished,  the  hauling  cables  are  shifted ;  the  dredge 
is  again  dropped  back  to  the  lower  edge  of  the  bar,  and  another  cut 
is  made  along  the  side  of  the  first  cut.    This  process  is  repeated  until 
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sufficient  width  has  been  obtained.  After  the  first  cut  has  been 
opened,  the  current  is  an  active  ag;ent  in  assisting  the  development 
of  a  channel,  provided  the  cut  has  been  properly  located  with  refer- 
ence to  the  natural  direction  of  flow ;  otherwise  the  artificial  cut 
may  be  filled  as  fast  as  it  is  opened  by  the  material  which  is  moved 
along  by  the  current.  Last  year  a  lo-foot  channel  \\;is  maintained 
throughout  the  low  water  season. 

Where  the  dredged  cuts  are  pn)[)erly  located,  a  satisfactory 
channel  can  be  readily  opened  ;  and  experience  shows  that  when 


Cextrifugal  Pump  of  U.  S.  Dredge  "Delta." 

once  opened  the  channel  will  maintain  itself  until  there  is  consider- 
able fluctuation  in  stage,  such  as  to  change  the  direction  of  flow  of 
the  thread  of  the  current.  Such  a  dredge  is  operated  at  a  total 
cost  of  about  $100  per  day  of  twenty-four  hours. 

REVETMENT    AND    CONTRACTION    WORKS. 

In  a  stream  flowing  through  a  bed  of  its  own  formation  the 
banks  are  naturally  very  easily  eroded,  and  a  lateral  movement  in 
one  direction  or  the  other  is  continually  in  progress.  Any  perma- 
nent improvement  of  navigation  requires  the  banks  to  be  made 
stable  to  prevent  the  flanking  of  the  channel  works,  and  to  stop  the 
contribution  of  eroded  material  which  builds  up  the  obstructing 
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bars.  Active  bank  erosion  is  confined  to  the  concave  sides  of  the 
bends  in  the  river,  where  the  thalweg  Hes  close  to  the  bank.  These 
banks  are  sometimes  50  feet  in  height  above  low  water,  and  extend 
down  below  for  an  equal  depth.  This  gives  a  steep  bank  about  100 
feet  high,  which  must  be  protected  in  such  a  way  as  to  prevent  its 
erosion  and  disintegration,  a  very  difficult  and  expensive  work. 
There  is  no  rock  near  at  hand  for  use  as  ballast  or  paving,  and  it 
has  to  be  brought  from  quarries  several  hundred  miles  away.  The 
willows  used  for  covering  the  bank  below  the  low  water  line  grow 
in  profusion  along  the  battures,  but  even  the  supply  of  willows 
would  be  severely  taxed  to  meet  the  demands  of  a  general  system  of 
bank  revetment.  The  method  now  in  vogue  for  holding  the  banks 
consists  of  a  covering  of  fascine-willow  mats  ballasted  with  stone 
and  usually  300  feet  in  width,  extending  from  the  low  water  line 
out  into  the  stream.  These  mats  are  built  and  sunk  in  lengths  of 
about  1000  feet.  The  only  limit  to  the  length  is  that  fixed  by  the 
strength  of  the  head  lines  which  hold  the  floating  mat  in  place  dur- 
ing construction.  With  a  strong  current  and  large  accumulations 
of  drift,  it  is  often  difficult  to  hold  a  very  long  mat. 

In  the  construction  of  a  mat  the  first  step  is  to  secure  the  moor- 
ing barges  end  to  end  at  right  angles  to  the  shore,  and  located  at 
the  up-stream  end  of  the  work.  They  are  firmly  fastened  together, 
and  cables  reaching  secure  fastenings  on  shore  hold  them  firmly  in 
position.  The  h^^ading  for  the  mat  is  then  made  of  a  bundle  of 
strong  hardwood  poles  5  to  8  inches  in  diameter,  and  is  secured 
along  the  down-stream  side  of  the  mooring  barges  to  which  it  is 
suspended.  It  is  further  secured  by  six  or  eight  wire  cables,  an 
inch  or  more  in  diameter,  passing  under  the  mooring  barges  and 
leading  to  strong  fastenings  on  shore.  To  obtain  additional 
strength,  a  second  heading  is  placed  in  the  mat  about  10  feet  below 
the  first  one  and  securely  fastened  to  it.  Two  mat  barges,  end  to 
end,  are  dropped  in  below  and  parallel  to  the  mooring  barges,  to 
which  they  are  attached  by  three  cables  so  arranged  that  the  mat 
barges  can  be  readily  dropped  down-stream  as  the  mat  is  built. 
These  barges  are  built  with  inclined  ways  on  which  the  mat  is  con- 
structed, and  are  provided  with  reels  for  holding  the  sewing  cables 
and  wire  strands,  all  spaced  at  the  proper  intervals.  Willow  poles 
are  next  placed  in  position  at  the  top  of  the  incline  and  normal  to 
the  shore,  and  a  fascine  12  inches  thick  and  300  feet  long,  or  the 
full  width  of  the  mat,  is  constructed.  The  willows  used  range  from 
I  to  4  inches  in  diameter  at  the  butts,  and  the  entire  length,  includ- 
ing the  bushy  tops,  is  made  use  of.  (See  illustration.)  Galvanized 
wire  cables  j-\  of  an  inch  in  diameter,  spaced  about  8  feet  apart,  are 
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attached  to  the  licacliiii;-,  aiul  run  [\\v  wlmk'  k'n;^ih  ol  the  mat  alung 
its  underside.  The  fascines  are  drawn  close  tip  to  the  heading,  and 
are  fastened  together  by  a  .{-inch  galavanized  wire  strand,  which 
passes  around  each  fascine,  and  also  the  longitudinal  cables  which 
are  the  mainstays  of  the  mat.  'J"he  weaving  strand  and  bottom 
cables  are  clamped  together  at  frequent  intervals  by  staples  driven 
into  the  large  willows.  As  the  matways  become  filled  and  the  mat 
develops,  the  mat  barges  are  dropped  away ;  and  this  process  is 
repeated  until  sufficient  length  has  been  made.  Rows  of  large 
willow  poles  are  placed  on  top  and  lengthwise  of  the  mat  at  intervals 


Mat  Weaving. 

Showing  construction  of  mat  and  tlie  mat  barges. 

of  about  16  feet,  and  are  securely  fastened  in  place.  These  poles 
perform  the  double  function  of  strengthening  the  mat  and  prevent- 
ing the  loose  rock  ballast  from  rolling  ofif.  The  channel  edge  of  the 
mat  is  further  strengthened  with  a  |-inch  galvanized  steel  wire 
cable  having  a  breaking  strength  of  9  tons.  This  is  clamped  to  the 
weaving  cable  on  top  of  the  mat  at  intervals  of  10  feet,  the  upper 
end  being  secured  to  the  heading.  \Miere  great  strength  is  re- 
quired, similar  top  cables  are  placed  at  intervals  of  8  to  16  feet, 
according  to  the  necessities  of  the  case.  A  mat  of  the  character 
described  can  be  made  at  a  rate  of  about  10  lineal  feet  per  hour. 
When  completed,  the  mat  floats  on  the  surface  with  one  side  resting 
against  the  river  bank,  the  whole  being  held  in  i)lace  by  the  moor- 
ing lines.      (See  illustration. ) 

The  next  step  is  to  sink  the  mat  to  the  bottom.     First  a  uniform 
distribution  of  stone  is  made  all  over  the  mat  and  of  sufficient  quan- 
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tity  to  barely  allow  the  mat  to  float.  Barges  loaded  with  ballast 
stone  are  then  brought  to  the  head  of  the  mat,  and  sufficient  stone 
is  placed  thereon  to  sink  it  when  the  lines  to  the  mooring  barges  are 
slackened  off.  The  cables  to  the  shore  still  hold  it  from  moving 
down-stream.  The  head  of  the  mat  being  on  the  bottom  and  the 
balance  still  afloat,  the  stone  barges  are  dropped  in  below  the  moor- 
ing barges  and  parallel  to  them,  and  so  connected  that  they  can  be 
floated  down  as  the  mat  sinks.  A  large  force  of  men  then  throw 
off  the  stone  onto  the  mat,  and  as  it  sinks  the  barges  float  down 
over  it,  delivering  the  stone  ballast  uniformly  until  the  whole  rests 
securely  on  the  bottom.  The  head  cables,  which  are  provided  with 
special  toggles  for  the  purpose,  are  then  removed  and  the  sub- 
aqueous portion  of  the  bank  is  secured  by  the  ballasted  mat.  The 
final  sinking  of  a  mat  looo  feet  long  is  accomplished  in  about  an 
hour. 

The  form  of  mat  described  is  found  to  serve  the  purpose  very 
well,  the  weakest  point  being  the  wire  fastenings,  which  in  the 
course  of  time  corrode  and  break.  When  once  in  place,  the  bal- 
lasted mat  filled  with  sediment  will  remain  under  ordinary  condi- 
tions even  without  fastenings.  To  obviate  the  defects  incident  to 
corrosion,  experiments  are  being  made  with  silicon  bronze  and 
other  wires  and  different  wire  coatings. 

The  following  materials  are  used  per  loo  square  feet  of  mat: 
Willow  brush,  1.639  cords;  poles,  0.053  cord;  steel  wire,  4.861 
pound ;  silicon  bronze,  etc.,  wire,  0.546  pound ;  wire  strand,  10.965 
pounds;  clamps  or  staples,  1.500,  and  stone,  0.625  ton. 

Another  form  of  mat,  called  a  crib  mat,  is  used  with  good 
results  where  the  plant  is  limited,  and  it  also  has -the  advantage  of 
eliminating  the  use  of  wire  and  wire  strand.  These  mats  are  con- 
structed on  temporary  ways  built  on  the  bank  near  where  the  wil- 
lows are  cut.  The  dimensions  are  usually  100  x  150  feet  and  about 
I  foot  thick,  but  the  mat  may  be  of  any  suitable  size  or  thickness. 
A  bottom  frame  of  sawed  lumber  is  first  laid  on  the  ways,  consisting 
of  2  X  4-incli  pieces  laid  in  pairs  at  intervals  of  10  feet.  Upright 
posts  or  binders  are  placed  between  the  pairs  of  scantling  at  inter- 
vals of  5  feet,  and  are  secured  to  them  by  wooden  pins.  The  first 
layer  of  willows  is  next  laid  on  and  fastened  with  spikes  across  the 
frames,  or  at  right  angles  to  the  river ;  a  second  layer  is  laid  at  right 
angles  to  the  first,  and  a  third  layer  parallel  to  the  bottom  layer. 
The  whole  is  then  firmly  compressed  by  a  special  device,  and  a  top 
frame  similar  to  the  lower  one  is  put  in  place  and  securely  pinned  to 
the  uprights.  On  top  and  across  these  top  frames  poles  are  fastened 
to  stiffen  the  mat  while  being  handled  and  to  hold  the  ballast  in 
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siiikinj^'.  ICach  mat  as  completed  is  launched  into  the  river,  and 
when  a  stifficient  nimiher  have  been  constructed  they  are  bound 
toq-ether  and  towed  by  a  tug-  or  towboat  to  the  point  required. 
Thev  can  be  bound  to.L^ctbcr  to  form  a  long  mat,  or  they  can  be 
sunk  separately.  'Vhv  mat  costs  three  cents  per  square  foot  afloat 
and  six  cents  in  place,  and  requires  12  pounds  of  stone  per  square 
foot  to  sink  it. 

After  the  sub-a(|u(.'()us  portion  of  the  bank  has  been  securely 
prott'cted.  the  upper  part  of  the  bank  is  graded  to  a  slope  of  3  to  I 
by  a  hydraulic  grader,  and  the  graded  surface  is  paved  with  stone 


PosiTiuN  OF  Mat  Re.adv  for  Sinking. 
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revetment  or  paving. 

to  a  thickness  of  about  10  inches.  This  paving  is  carried  up  to 
within  10  feet  of  the  top  of  the  bank  and  sometimes  is  carried  right  up. 
Where  the  ballast  stone  is  very  far  from  the  work,  artificial 
stone  of  cement  and  river  gravel,  which  is  usually  near  at  hand  in 
abundance,  is  made  use  of.  German  Portland  cement  is  used  in  the 
proportion  of  i  cement  to  13  of  sand  and  gravel.  The  mixer  and 
its  machinery  is  carried  on  a  tramway  laid  on  the  gravel  bar  wliere 
the  material  is  abundant,  and  a  series  of  molds  are  placed  on  the 
ground  along  the  tram.  The  blocks  are  made  7  inches  thick,  12 
inches  deep  and  6  feet  long,  and  after  hardening  are  broken  into 
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sizes  to  suit.  This  artificial  stone  weighs  about  140  pounds  per 
cubic  foot.  A  small  plant  will  make  about  160  tons  per  day  at  a 
cost  of  about  $1.40  per  cubic  yard,  as  against  $2  or  more  for  the 
stone  in  some  localities. 

Experiments  are  being  made  with  upper  bank  paving  of  con- 
crete 4  inches  thick  laid  in  situ.  Brick  is  also  being  tried  for  ballast 
and  paving. 

The  average  cost  of  a  complete  bank  revetment,  with  a  sub- 
aqueous mat  300  feet  wide  and  upper  bank  graded  and  paved,  is 
^2y  per  running  foot  of  bank. 

In  some  cases  spur  dikes  or  buttresses,  spaced  450  feet  apart, 
have  been  used  to  hold  high  banks  and  check  the  erosion,  con- 
structed of  willows  and  stone  built  up  in  layers  on  a  broad  founda- 
tion mat.  In  some  places  these  have  failed  by  scour  taking  place 
behind  them,  as  the  above-water  bank  is  left  unprotected.  Such 
spurs  properly  spaced  would  doubtless  be  successful  and  perhaps 
more  economical  than  the  standard  continuous  revetment.  The 
closure  of  chutes  or  side  channels  is  effected  by  means  of  brush  and 
stone  dams  and  pile  dikes  built  to  a  height  somewhat  above  low 
water. 

LEVEES. 

The  alluvial  basins  below  the  mouth  of  the  Ohio,  which  are 
subject  to  overflow,  cover  an  area  of  about  30,000  square  miles.  At 
high  stages  these  lands,  under  natural  conditions,  are  flooded  to 
depths  varving  from  a  few  inches  to  15  feet,  or  even  more. 
Originally  they  were  densely  wooded,  but  the  extraordinary  fertility 
of  the  soil  attracted  the  agriculturist,  who  settled  there  and  cleared 
up  the  lands  at  the  risk  of  being  overwhelmed  by  the  floods.  Under 
such  conditions  only  the  very  highest  of  the  lands,  which  always  lie 
near  the  river  banks,  could  be  utilized,  and  most  of  the  land  was 
left  in  its  wild  state  until  the  inhabitants  undertook  to  build  barriers 
to  keep  out  the  annual  floods.  In  this  way  the  levee  system  began, 
and  so  long  as  it  was  confined  to  isolated  districts,  leaving  the  major 
portion  of  the  basins  still  open  to  the  floods,  the  levees  required 
were  of  small  dimensions. 

When  the  improvement  of  the  river  began,  it  soon  became 
apparent  that  it  was  important  to  confine  the  waters  as  far  as  practi- 
cable to  the  same  general  channel  lines  at  both  low  and  high  stages. 
This  meant  that  the  floods  must  be  confined  throughout  the  whole 
length  of  the  alluvial  valley.  To  restrain  all  the  enormous  volume 
of  water  necessarily  required  much  higher  and  stronger  levees  than 
had  been  found  sufficient  to  protect  isolated  patches  of  land.  As 
was  expected,  the  river  in  flood,  confined  between  levees  a  mile  or 
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two  apart,  reached  a  plane  cunsicleral)!)'  liii;iier  ilian  when  it  was 
allowed  to  spread  unimpeded  over  the  wide  expanse  of  hasins. 
While  the  cause  seemed  quite  apparent,  many  people  attrilnited  the 
rise  in  the  Hood  plane  hetween  the  levees  to  a  tilling  up  of  the  bed 
of  the  stream.  This  led  to  an  extended  investigation  by  the  author^ 
extending  over  several  hundred  miles  of  river,  the  conclusion 
arrived  at  being  that  there  had  been  no  very  decided  change  in  the 
bed  ;  but,  on  the  whole,  the  evidence  pointed  to  a  lowering  of  the 
bed.     This  view  was  further  sul)stantiatcd  bv  the  fact  that  the  low 


Caving  Bank,  Caruthersville.  Mo. 


water  plane  was  very  materially  lower  than  it  was  prior  to  the 
completion  of  the  levee  system,  although  the  depth  and  vohune  was 
equal  to  those  of  former  years. 

Prior  to  1882  the  construction  of  levees  was  confined  to  the 
several  States  and  to  private  landowners.  In  that  year  there 
occurred  one  of  the  greatest  floods  known,  and  it  became  apparent 
that  the  aid  of  the  general  government  was  essential  to  adequate 
protection.  Appropriations  of  funds  were  made,  and  since  that 
time  the  Government  has  spent  about  $16,000,000  in  levee  construc- 
tion, while  the  several  States  have  spent  about  double  that  sum. 
The  total  length  of  levee  lines  below  the  mouth  of  the  Ohio  is  about 
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1450  miles,  but  they  still  lack  much  to  bring  them  up  to  the  dimen- 
sions and  height  deemed  necessary  for  safety. 

The  ordinary  standard  levee  is  built  with  a  crown  of  8  feet 
and  side  slopes  of  3  to  i.  The  crown  and  sides  are  sodded  with  a 
very  tenacious  grass,  known  as  Bermuda  grass.  Where  the  levee 
exceeds  a  height  of  11  feet  it  is  reinforced  on  the  land  side  with  a 
banquette  of  earth,  which  reaches  a  height  of  8  feet  below  the  top 
of  the  levee.  The  crown  of  the  banquette  is  20  feet  in  width,  and 
has  a  slope,  for  drainage  purposes,  of  10  to  i,  the  side  slope  being 
4  to  I.  These  dimensions  of  both  levee  and  banquette  are  increased 
if  the  foundation  is  bad  or  the  material  is  not  good.     In  some 


Wave  Wash  at  Base  of  Levee. 

places  the  only  material  available  is  a  very  sandy  soil,,  and  in  such 
cases  a  very  large  section  is  required.  The  use  of  levees  as  road- 
ways is  strictly  prohibited. 

On  approaching  the  lower  end  of  the  levee  system,  the  floods 
sometimes  continue  to  stand  far  up  on  the  levees  for  several  months, 
which  tries  tfiem  very  severely,  as  they  become  saturated  and  easily 
abraded  by  wave  wash  from  wind  or  passing  steamers.  To  pre- 
vent the  wave  wash,  a  plank  revetment  is  fixed  a  short  distance  from 
the  levee.  After  a  levee  becomes  thoroughly  saturated  with  water, 
a  collapse,  with  its  destructive  efifects,  may  occur.  Such  breaks  in 
the  levees  are  called  crevasses.  When  once  formed,  they  continue 
to  increase  in  width,  and  the  rushing  flood  plays  havoc  with  every- 
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ihiiii;  in  its  wake.  IIdusos,  fences  and  even  the  suil  itself  arc  t(jrn 
up,  and  i^real  dania^^e  is  done.  When  a  break  occurs,  hut  little  can 
be  done  beyond  holding  the  broken  ends,  seas  to  save  as  much  of 
the  levee  as  possible.  So  far  efforts  at  closinij;'  a  break  have  not 
been  very  success! ul,  and  are  always  attended  with  enormous 
expense.  I'.ank  erosion  is  one  of  the  most  active  and  formidable 
assents  in  the  destruction  of  levees.  A  consideral)le  length  of  com- 
pleted line  often  caves  into  the  ri\er,  necessitating  the  construction 


Water  Rushing  through    a  Crevasse  or  Break  in  the  Levee. 

of  a  new  line  farther  back  and  connecting  with  the  stable  ends  of 
the  old  line. 

The  above  brief  general  description  of  the  chief  works  carried 
on  for  the  improvement  of  the  Mississippi  River  will  give  a  fair 
idea  of  what  is  being  done.  Anything  like  a  detailed  account  of 
works  of  such  great  magnitude  would  require  volumes,  and  they 
have  only  been  touched  upon  here  and  there  in  this  paper.  It  is 
hoped,  however,  that  it  may  be  of  some  interest  and  value. 

TRAFFIC  ON  THE  MLSSISSIPPI   RIVER. 

It  is  a  well-established  fact  that  waterways  are  the  only  satis- 
factory regulators   of  freight   rates,   and   that  they   have  brought 
about  in  a  natural  and  effective  way  that  control  of  rates  which 
[13] 
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has  long  been  sought  through  legal  enactments  with  indifferent  suc- 
cess. A  brief  glance  at  the  enormous  cargoes  carried  will  readily 
show  why  this  must  be  so. 

A  single  cargo  of  coal,  amounting  to  betw^een  40,000  and  50,000 
tons,  is  carried  from  Louisville  to  New  Orleans  via  the  Ohio  and 
Mississippi  Rivers,  a  distance  of  1400  miles,  at  a  cost  of  about  10 
cents  per  ton.  Wheat  in  bulk  is  to-day  carried  from  St.  Louis  to 
New  Orleans,  a  distance  of  1200  miles,  and  placed  on  shipboard  at 
a  rate  of  4I  cents  per  bushel.  Cargoes  of  375,000  bushels,  or  375 
carloads,  have  been  taken  by  a  single  towboat  and  its  barges.  A 
stern-wheel  boat  has  carried  at  one  time  9226  bales  of  cotton  and  a 
large  amount  of  cottonseed.  This  load  borne  on  a  single  hull 
would  fill  369  ordinary  freight  cars. 

Add  to  these  the  fact  that  the  capacity  of  a  great  waterway  is 
practically  unlimitea,  and  is  open  to  all  who  choose  to  use  it,  and 
its  great  value  to  producers  and  consumers  becomes  at  once 
apparent. 

In  this  connection  it  will  perhaps  be  of  some  interest  to  exam- 
ine, as  far  as  practicable,  the  condition  of  river  traffic  in  the  past. 
Efforts  have  been  made  from  time  to  time  to  ascertain  the  volume 
of  traffic  on  the  Mississippi  River  for  a  period  ot  years,  and  reach- 
ing back  to  the  time  when  traffic  by  boat  was  said  to  be  at  its  zenith. 
All  such  efforts  have  practically  failed,  owing  to  the  fact  that 
reports  of  receipts  and  shipments  have  not  been  exacted  from 
steamboat  owners  or  shippers.  Ah  accurate  record  covering  the 
total  volume  of  river  traffic  for  a  long  period  of  years  is  essential 
to  a  satisfactory  analysis  of  the  changes  which  are  commonly  sup- 
posed to  have  taken  place  in  both  volume  and  character  of  that 
traffic.  Fortunately,  considerable  scattering  data  can,  by  much 
tedious  labor,  be  brought  together  for  convenient  use.  Much  of 
the  data  herein  was  obtained  from  the  records  of  the  St.  Louis 
Merchants'  Exchange. 

No  reliable  record  of  the  tonnage  volume  of  river  traffic  at  St. 
Louis  prior  to  1871  could  be  found.  The  record  of  boat  arrivals  is, 
however,  complete.  The  total  volume  of  grain  shipments  has  been 
tabulated  in  connection  with  the  shipments  by  river  to  show  the 
percentage  carried  by  the  latter.  The  freight  rates  are  given  to 
show  not  only  the  great  reduction  in  the  rates  from  year  to  year, 
but  the  relation  between  rates  on  grain  by  river  and  by  rail.  This 
covers  the  rate  from  St.  Louis  to  Liverpool  via  New  York,  and  by 
the  river  route  and  New  Orleans.  All  of  these  data  are  also  shown 
graphically  in  a  way  that  gives  at  a  glance  the  salient  points  in  each 
of  the  elements  coming  under  this  investigation. 
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During-  llie  C"i\il  \\'ar,  the  Iraflic  was  diverted  to  the  e  isl-and- 
west  lines  l)y  rail  or  by  the  Great  Lakes  to  the  seaboard,  and  iIk- 
lower  river  was  only  utilized  for  the  transportation  of  war  mate- 
rials and  supplies.  When  the  Mississippi  River  was  again  opened 
to  traffic  it  was  still  handicapped  by  the  shallow  water  at  the  mouth 
of  the  river,  which  prevented  the  standard  seagoing  craft  from 
entering  the  river.  Small  craft  of  not  over  15-foot  draft  were  the 
rule. 

While  the  freight  on  grain  bv  the  river  to  Liverpool  via  New 
Orleans  was  much  less  than  via  New  York  by  rail  or  by  the  lake 
route,  the  shipments  were  comparatively  small,  owing  to  the  shal- 
low water  at  the  passes  and  to  the  general  belief  that  grain   in 
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Loaded  with  9226  bales  of  totlon  ;  369  carloads. 

transit  through  the  warm  climate  w'ould  be  badly  injured.  Actual 
tests  soon  showed  that  no  injury  resulted  in  transit  from  climatic 
conditions.  The  obstructions  at  the  mouth  of  the  river  were  suc- 
cessfully eliminated,  and  the  producers  of  the  Mississippi  Valley 
reaped  very  material  benefits  from  the  reduction  in  rates  on  export 
grain. 

Prior  to  1868  the  river  traffic  was  confined  to  individual  steam- 
boats carrying  package  freight  and  grain  in  sacks.  In  1867  a  barge 
line  was  organized  having  for  its  object  the  carrying  of  bulk  grain 
and  other  heavy  commodities  on  several  barges  propelled  by  a  single 
towboat.  This  resulted  in  a  large  reduction  in  expense,  and  a 
consecjuent  reduction  in  rates.  Grain  was  loaded  in  barges  at 
Peoria,  on  the  Illinois  River,  at  St.  Paul  and  Rock  Island,  on  the 
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upper  IMississippi  River,  and  taken  direct  to  New  Orleans,  where  it 
was  transferred  to  ships  for  New  York  or  foreign  ports.  These 
earlier  barges  had  a  capacity  of  about  300  tons  each,  and  ten  barges 
were  taken  by  one  towboat. 

Owing  to  the  small  ships  plying  to  New  Orleans,  much  of  the 
grain  was  taken  to  New  York  and  there  loaded  into  larger  vessels. 
Even  this  was  found  to  be  cheaper  than  the  routes  by  rail  to  New 
York. 

The  opening  of  the  passes  to  vessels  of  26-foot  draft  in  1879 
gave  a  new  impetus  to  the  Southern  grain  route,  which  in  1880 
carried  one-third  of  the  total  shipments  from  St.  Louis,  and  reached 
a  total  of  over  15,500,000  bushels  from  that  port  alone.  The  de- 
velopment of  the  barge  traffic  on  the  Mississippi  River  established 
the  fact,  beyond  a  possibility  of  a  doubt,  that  this  is  by  far  the 
cheapest  form  of  transportation  known  to-day.  By  its  proper 
development  and  use,  there  will  result  a  movement  of  bulky  freights 
in  the  raw  material  that  will  bring  new  products  to  a  profitable 
market  that  would  otherwise  remain  inert. 

BOATS  AND  VOLUME  OF  BUSINESS. 

The  average  annual  number  of  arrivals  of  boats  at  St.  Louis 
for  five  years,  1865  to  1869,  inclusive,  was  3790,  while  for  the 
years  1896  to  1900,  inclusive,  the  average  annual  number  of  arrivals 
was  2590.  This  shows  a  decrease  of  31.6  per  cent,  in  number;  the 
difference  in  tonnage  would  doubtless  be  much  less  than  this.  The 
greatest  number  of  boats  arrived  during  a  year  was  4692,  in  the 
year  1880,  and  the  least  number  was  2217,  in  1900.  The  total 
number  of  ships  passing  through  the  jetties  at  the  mouth  of  the 
river  in  1900  was  3005. 

The  average  volume  of  river  business  at  St.  Louis  per  annum, 
1871  to  1875,  inclusive,  was  1,531,822  tons.  The  average  for  a 
corresponding  number  of  years,  i8g6  to  1900,  inclusive,  is  924,756 
tons,  a  decrease  of  39  per  cent.  The  largest  volume  of  traffic 
occurred  in  1880,  and  the  smallest  in  i8gg.  The  large  volume  of 
traffic  followed  closely  the  completion  of  the  jetties  at  the  mouth 
of  the  river. 

An  inspection  of  the  stages  and  the  traffic  curves  shows  plainly 
that  other  causes  than  low  water  operate  to  influence  the  volume  of 
river  traffic.  The  general  conditions  of  trade,  the  foreign  demand, 
the  crop  conditions  at  home  and  abroad,  all  directly  affect  the 
volume  of  traffic  both  by  river  and  rail,  and  account  largely  for  the 
fluctuations  that  appear  from  year  to  year.  In  1867  it  was  an- 
nounced that  "boating  interests  generally  are  dull  and  unprofitable." 
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The  theory  that  there  is  a  progressive  deterioration  in  the  naviga- 
bility of  the  river,  which  is  responsible  for  the  decline  in  the  volume 
of  traffic,  is  not  founded  on  fact.  A  search  of  the  early  records 
reveals  many  accounts  of  "4  feet  and  5  feet  scant  to  Cairo,"  and  at 
least  one  of  3  feet.  Such  small  depths  are  now  unknown.  There 
are  also  numerous  records  of  less  than  4  feet  in  the  Missouri  River 
and  "2i  to  3  feet"  in  the  Illinois  River. 

The  volume  of  traffic  in  1896  exceeded  that  of  each  of  the  five 
preceding  years,  and  was  greater  than  that  of  three  other  prior 
years,  1877,  1885  and  1888,  so  that,  while  the  later  years  show  less 


Diagram  Illvstratinc.  Various  Phases  of  Mississippi   Rivkk  Traffic  at 
St.  Louis  from  1891  to  1900. 

traffic,  the  decline  has  not  been  a  gradual  or  systematic  one.  The 
fluctuations  were  great,  even  during  the  earlier  years,  when  steam- 
boat traffic  was  regarded  as  flourishing. 

On  the  whole  the  decline  in  volume  of  river  traffic  at  the  port 
of  St.  Louis  has  not  been  as  great  as  commonly  believed,  and  the 
traffic  is  still  a  very  important  factor  in  the  problem  of  cheap  trans- 
portation, which  becomes  more  and  more  important  as  margins  of 
profit  in  trade  and  manufacture  grow  smaller.  The  inevitable 
result  must  be  an  increasing  use  of  the  river  as  a  commercial  high- 
way as  the  improvement  of  the  stream  continues,  and  finally  estab- 
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lishes  the  fact  that  shipments  can  safely  be  made  and  their  dehvery 
assured  without  any  delays  due  to  deficient  depth  of  channel. 

GRAIN    TRADE. 

The  volume  of  the  grain  trade  of  St.  Louis  since  1865  has 
varied  with  the  development  of  the  unsettled  territory  west  of  the 
Mississippi  and  with  the  foreign  demand. 

The  former  has  resulted  in  a  very  large  increase  in  the  annual 
production.  The  amount  exported  depends  on  both  the  surplus  at 
home  and  the  demand  abroad,  and  these  may  cause  wide  variations 
from  year  to  year  in  the  volume  of  export  business.  The  volume 
of  business  of  1900  by  river  and  rail  combined  has  been  exceeded 
by  only  two  preceding  years, — viz,  1889  and  1890,  the  total  ship- 
ments during  the  latter  year  being  65,155,187  bushels  of  grain. 

The  average  annual  shipments  of  grain  by  river,  1871  to  1875, 
inclusive,  were  1,025,742  bushels,  while  for  a  corresponding  period, 
1896  to  1900,  inclusive,  the  annual  average  has  been  5,668,596 
bushels,  or  more  than  five  times  as  large  as  the  period  often  alluded 
to  as  the  flourishing  days  of  river  traffic.  The  volume  of  river 
grain  traffic  varies  widely  with  different  years.  In  1880,  just  after 
completion  of  the  jetties,  it  reached  15,762,664  bushels,  and  in  1889 
it  reached  14,158,046  bushels,  while  it  was  less  than  one-half  the 
latter  amount  in  1884.  During  the  years  1871  to  1875,  inclusive, 
4.5  per  cent,  of  the  total  grain  shipments  from  St.  Louis  were  car- 
ried by  river.  During  the  years  1896  to  1900,  12.0  per  cent,  of  the 
total  grain  shipments  were  carried  by  river,  reaching  a  maximum 
for  the  period  under  consideration  of  25.5  per  cent,  in  1896.  The 
highest  percentage  of  total  shipments  was  made  in  1881,  when  the 
river  shipments  reached  37.9  per  cent,  of  the  total  grain  shipments. 
Over  30  per  cent,  of  the  grain  was  shipped  by  river  in  the  years 
1880,  1886  and  1887. 

FREIGHT  RATES   PER   BUSHEL  OF   WHEAT. 

A  great  reduction  in  rates  of  freight  has  taken  place  since 
1865,  both  by  rail  and  river;  but  the  river  has  always  taken  the 
lead  in  these  reductions.  From  1865  to  1881,  there  was  a  steady 
decline  in  river  rates.  From  1881  to  1891,  the  rates  were  quite 
steady,  and  then  followed  a  gradual  decline  to  the  year  1900.  In 
1865  the  average  published  rate  on  wheat  was  30.6  cents  per  bushel 
by  river  from  St.  Louis  to  New  Orleans.  The  average  rate  for 
the  year  1900  was  4^  cents,  a  decline  of  over  26  cents  per  bushel. 

In  1865  the  average  published  rate  on  wheat,  St.  Louis  to  New 
York  by  rail,  was  70.2  cents  per  bushel ;  in  the  year  1900  the  aver- 
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age  rati'  was  ii.O  coiils  prr  hushrl.  Tlic  average  rate  by  river  fnr 
the  five  years  1865  to  1869,  inclusive,  was  24.8  cents  per  bushel, 
while  for  the  five  years  1896  to  lyoo  the  average  was  4.62  cents  per 
bushel,  including  transfer  to  ships  for  export.  This  is  equal  to 
.$1.54  per  ton,  and  gives  a  ton-mile  rate  of  1.3  mills.  The  average 
rail  rate,  St.  l^ouis  to  Xew  York,  during  the  same  period  has  been 
13.2  cents  per  bushel.  This  is  $4.40  per  ton.  or  about  4.4  mills  per 
ton-mile.  This  is  more  than  three  times  the  river  rate  per  ton- 
mile.  The  later  years  ha\e  been  used  in  these  comparisons  as 
giving  the  railways  the  benefit  of  all  the  latest  traffic  improvements, 
and  the  rates  quoted  are  presumably  as  low  as  consistent  with  the 


Side-wheel  Packet. 

Loaded  to  the  guards  with  miscellaneous  package  freight. 


actual  cost  of  transportation,  and  probably  below  the  profitable 
limit. 

On  the  other  hand,  methods  of  river  traffic  have  made  little  or 
no  progress  since  the  advent  of  the  barge  lines,  either  in  economy 
or  efficiency,  while  the  railways  have  made  great  strides  in  both. 

The  tabulation  also  shov^^s  the  average  annual  rates  per  bushel 
of  wheat  from  St.  Louis  to  Liverpool  by  the  Mississippi  River  via 
New  Orleans,  and  by  rail  via  New  York,  for  the  years  1883  to 
1900.  inclusive.  The  rates  for  the  earlier  years  were  not  readily 
obtainable.  The  eighteen  years  show  an  average  of  6.85  cents  per 
bushel  in  favor  of  the  river  route.  Some  years  it  ran  as  high  as 
9^  cents  per  bushel.  Apply  this  to  the  output  of  grain  in  the  terri- 
torv  tributary  to  the  Mississippi  River,  and  the  aggregate  is  a  sum 
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of  enormous  proportions,  which  should  have  been  largely  divided 
between  the  producers  and  consumers  rather  than  have  it  absorbed 
in  high  transportation  charges. 

Combining  the  known  volume  of  freight  carried  by  river  dur- 
ing the  years  1896  to  1900  from  St.  Louis,  coal  from  the  Ohio  and 
the  local  traffic  of  Memphis  and  Yicksburg  gives  an  average  of 
about  2,785,550  tons  per  annum.  This  is  doubtless  far  below  the 
total  amount  of  the  traffic  on  the  lower  Mississippi  River.  The 
total  traffic  of  the  Mississippi  River  system  must  be  many  times  this 
amount,  reaching  so  great  a  volume  as  to  become  a  highly  impor- 
tant factor  in  the  transportation  problems  of  the  country,  and  one 
which  is  of  vital  interest  not  onlv  to  the  people  of  the  Mississippi 
Valley,  but  to  the  entire  country.  The  census  report  gives  the 
volume  of  traffic  for  1890  as  29,000,000  tons. 

The  main  stem  of  this  system  has  ample  capacity  for  an 
enormous  increase  in  the  volume  of  traffic  by  making  such  practi- 
cable improvements  as  will  insure  a  navigable  depth  at  all  stages 
that  will  fully  satisfy  the  recjuirements  of  commerce. 

Good  use  should  be  made  of  the  river  during  our  World's  Fair 
by  bringing  exhibits  from  foreign  countries  to  the  port  of  New 
Orleans,  and  thence  by  river  to  St.  Louis.  This  would  result  in 
considerable  economy  to  shippers.  As  both  delivery  and  return  of 
shipments  would  be  made  at  times  when  navigation  is  invariably 
good,  there  need  be  very  little  hesitation  in  encouraging  transporta- 
tion by  this  route. 

While  this  great  river  has  few  if  any  parallels,  the  problems 
are  most  intricate  and  interesting ;  and  their  solution  will  doubtless 
keep  the  engineer  busy  for  years  to  come.  Little  by  little,  step  by 
step,  the  skill  of  the  engineer  will  find  means  of  overcoming  the 
difficulties,  until  finally  the  great  forces  of  nature  pent  up  in  the 
giant  stream  will  yield  to  his  bidding  and  become  subservient  to 
the  requirements  of  man.  Then  will  it  indeed  "flow  unvexed  to  the 
sea,"  bearing  in  safety  the  products  of  the  Mississippi  Valley  from 
the  Great  Lakes  to  the  Gulf  of  Mexico,  whence  they  will  be  dis- 
tributed to  the  uttermost  parts  of  the  earth. 

The  very  heart  of  our  country  will  then  be  put  in  touch  with 
the  commerce  of  South  America  and,  through  the  Isthmian  Canal, 
with  the  great  markets  of  the  Orient. 
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Bv   Arthur   S.   Tuttle,    Principal  Assistant  Engineer   on   the   Work. 


[Read  before  the  Boston  Society  of  Civil  Engineers,  September  18,  1901.*] 

Before  the  abolition  of  its  grade  crossings  between  Boston  and 
Dedham,  the  Providence  division  of  the  New  York,  New  Haven 
and  Hartford  Railroad  had  its  terminal  at  Park  Square.  Its  main 
line  from  Park  Square  to  Wasliington  street,  near  Forest  Hills,  a 
distance  of  about  4^  miles,  was  crossed  at  grade  by  eleven  high- 
ways. Its  West  Roxbury  branch,  running  from  Forest  Hills  to 
Dedham,  about  4^  miles,  was  crossed  at  grade  by  four  highways ; 
and  its  Dedham  branch,  running  from  Readville  to  Dedham,  about 
2^  miles,  was  crossed  at  grade  by  four  highways.  One  of  the  latter, 
Milton  street,  at  Readville,  also  crossed  at  grade  the  then  New 
England  Railroad,  now  the  Midland  division  of  the  New  York, 
New  Haven  and  Hartford  Railroad.  There  were  no  grade  cross- 
ings on  the  main  line  between  Washington  street,  near  Forest  Hills, 
and  Readville.     (See  Fig.  i.) 

A  heavy  train  service  was  maintained  on  this  division,  about 
two  hundred  regular  trains  being  handled  daily  at  Park  Square 
station. 

The  numbers  of  persons  and  teams  using  the  eleven  main  line 
crossings  in  twenty-four  hours,  as  determined  by  actual  count,  were 
85,107  persons  and  12,452  teams,  amounting  in  one  year  to  over 
31,000,000  persons  and  over  4,500,000  teams.  To  protect  this  high- 
way travel  during  the  passage  of  the  two  hundred  daily  trains,  the 
crossing  gates  were  closed,  during  the  same  twenty-four  hours,  a 
total  of  forty-one  hours  and  forty-seven  minutes,  which  was  nearly 
equivalent  to  the  permanent  closing  of  two  crossings,  provided  the 
other  nine  were  left  open  the  whole  time.  Under  these  conditions, 
the  maintenance  of  these  crossings  at  grade  constituted  not  only  a 
grave  menace  to  public  safety,  but  also  a  great  and  annoying  inter- 
ruption to  public  convenience. 

As  far  back  as  1884  surveys  were  made  for  carrying  all  of 
these  crossings  over  the  tracks,  the  tracks  to  remain  at  the  old 
grade,  but  the  estimated  cost  of  $3,600,000  seemed  so  excessive  that 
at  that  time  nothing  further  was  done. 

*Manu<cript  received  October  21,  190T. — Secretary.  Ass'n  of  Eng.  Socs. 
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In  a  report  concerning  the  gradual  abolition  of  the  grade  cross- 
ings in  the  State  of  Massachusetts,  made  to  the  legislature  in  1889, 
by  Augustus  W.  Locke,  Wm.  O.  Webber  and  George  A.  Kimball, 
engineers,  it  was  recommended  that  these  main  line  crossings 
should  be  abolished  by  raising  the  tracks  about  13  feet  from  Rox- 
bury  to  Forest  Hills,  with  a  grade  of  2Q  feet  per  mile  north  of 
Roxbury  and  one  of  about  15  feet  per  mile  south  of  Forest  Hills, 
connecting  with  the  old  grade ;  and  by  depressing  the  streets 
amounts  varying  from  i  to  5^  feet;  the  total  cost  to  be  $1,350,000. 

In  1890  the  Old  Colony  Railroad  Company,  which  then  con- 
trolled the  railroad,  acting  under  the  grade  crossing  act  of  1890, 
petitioned  the  Superior  Court  to  appoint  three  commissioners  to 
prescribe  the  manner  in  which  the  Tremont  street  grade  crossing 
should  be  abolished.  Fig.  2  shows  this  crossing  before  the  change. 
In  1892  a  special  legislative  act  was  passed  enlarging  the  powers  of 
this  commission  to  include  all  the  main  line  crossings  in  the  city  of 
Boston ;  the  Old  Colony  Railroad  Company  to  do  all  the  work  and 
to  bear-  55  per  cent,  of  the  cost ;  the  Commonwealth  of  Massachu- 
setts to  bear  31^  per  cent,  of  the  cost,  and  the  city  of  Boston  13^ 
per  cent.  The  commissioners  appointed  were  S.  N.  Aldrich,  E.  B. 
Bishop  and  H.  C.  Southworth.  Necessary  hearings  were  held 
and  plans  considered,  and  June  23,  1894,  their  final  report  was  filed, 
confirmed  and  made  a  decree  of  the  court. 

The  requirements  of  the  decree  were,  in  outline,  as  follows 
(see  Fig.  3)  :  The  main  line  of  the  railroad  was  to  be  raised, 
beginning  near  Massachusetts  avenue  and  rising  to  Roxbury  sta- 
tion, where  it  should  be  about  20  feet  above  the  old  tracks ;  thence 
continuing  about  20  feet  above  the  old  tracks  to  Washington  street, 
thence  descending  for  about  3000  feet  to  the  old  grade.  The  West 
Roxbury  branch  was  to  be  raised  about  20  feet  at  the  main  line  and 
descend  for  about  1700  feet  to  the  old  grade. 

Heavy  retaining  walls,  ranging  from  6  to  30  feet  high,  were  to 
be  built  on  either  side  of  the  railroad  where  the  adjoining  land  was 
closely  built  upon,  as  shown  by  the  heavy  lines  on  the  plan,  and  at 
other  places  land  was  to  be  taken  and  the  earth  embankment  was 
to  take  its  natural  slope.  A  little  over  3  miles  in  length  of  wall 
was  required. 

Four  tracks  on  the  main  line  and  three  on  the  West  Roxbury 
branch  were  to  be  laid  with  100-pound  steel  rails  where  the  grades 
were  changed.  A  new  freight  yard  was  to  be  built  on  the  westerly 
side  of  the  main  line,  between  Center  street  and  Mozart  street.  A 
siding  was  to  be  laid  on  the  easterly  side  of  the  main  tracks  from 
Jamaica  Plain  to  the  Parkway  at  Forest  Hills. 


rill':  .\[U)i.i  riox  of  c;rai)e  crossings. 


165 


The  old  station  on  the  easterly  side  of  the  tracks  at  Roxbury 
and  the  one  on  the  westerly  side  at  Boylston  street  were  to  be 
raised  to  ilie  new  grade  of  the  tracks  and  stone  basements  built 
underneath,  and  new  stations  were  to  be  built  on  the  opposite  sides. 
At  Heath  street.  Jamaica  Plain  and  Forest  Hills  new  stations  were 
to  be  constructed,  one  on  each  side  of  the  tracks.  A  driveway  40 
feet  wide  was  to  be  carried  under  the  railroad  at  the  south  end  of 
Roxburv  stations,  and  at  the  other  stations  subways  10  feci  wide 
and  8  feet  hiqli  were  to  connect  the  two  station  buildings. 


Fig.  2.     Tremont  Street  Grade  Cros.sing. 


Stony  Brook,  near  Boylston  street  station,  was  to  be  changed, 
and  a  new  channel  constructed  for  it  about  2600  feet  long,  2300  feet 
of  it  being  depressed  in  grade  about  1 1  feet  and  carried  in  a  brick 
conduit,  and  about  300  feet  of  it  being  carried  at  the  old  grade  in 
an  open  walled  channel.  Near  Forest  Hills,  a  new  channel  was  to 
be  constructed  for  the  brook,  10  feet  wide  at  the  bottom,  with  earth 
side  slopes  and- with  a  double  brick  conduit  connecting  the  new 
channel  with  the  old  double-arched  stone  culvert  under  Walk  Hill 
street. 

The  brick  arch  over  Stony  Brook  on  the  main  line  between 
Forest  Hills  and  Mt.  Hope  and  the  Bussey  farm  arch  on  the  West 
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Roxbury  branch  were  each  to  be  extended  to  carry  one  additional 
track. 

A  subway  lo  feet  wide  and  8  feet  high  was  to  be  built  under 
the  main  tracks  about  700  feet  north  of  Ruggles  street  for  con- 
venient access  to  the  railroad  company's  repair  shops. 

Under  the  tracks  as  raised,  the  highways  were  to  be  carried  as 
follows :  Ruggles  street  was  to  be  depressed  at  the  railroad  4^ 
feet,  Prentiss  street  0.7  of  a  foot,  Tremont  street  i  foot  and  Boyls- 
ton  street  i^  feet.  Center  sreet,  which  at  that  time  was  carried  on 
a  bridge  over  the  railroad,  was  to  be  depressed  ly^  feet,  and 
changed  in  grade  for  a  length  of  nearly  1000  feet.  West  of  Lamar- 
tine  street,  it  was  to  be  widened  from  50  to  60  feet ;  between 
Lamartine  street  and  Amory  street  it  was  to  be  70  feet  wide,  and 
to  cross  the  raiiroad  more  nearly  at  right  angles  than  before,  and 
east  of  Amory  street  it  was  to  be  from  80  to  140  feet  wide.  Walk 
Hill  street,  where  it  crossed  the  West  Roxbury  branch,  was  to  be 
discontinued,  and  laid  out  50  feet  wide  across  the  main  line  to 
Washington  street.  The  remaining  streets  were  to  be  unchanged, 
both  in  line  and  in  grade.  The  railroad  was  to  be  carried  over 
Morton  street  and  the  Parkway  by  stone  arches,  over  Tremont 
street  and  Walk  Hill  street  by  steel  arches  and  over  the  other  streets 
by  plate  girder  bridges.  Xwo  additional  plate  girder  bridges  were 
to  be  built  for  the  future  laying  out  of  Mozart  street  and  Williams 
street.  The  required  headrooms  under  the  bridges  varied  from 
13  to  16^  feet. 

To  carry  out  the  provisions  of  the  decree,  it  was  necessary, 
first,  to  construct  the  new  channels  for  Stony  Brook,  and  October 
25,  1894,  a  contract  for  this  work  was  made  by  the  New  York,  New 
Haven  and  Hartford  Railroad  Company,  lessee  of  the  Old  Colony 
Railroad,  with  the  Metropolitan  Construction  Company,  and  work 
was  at  once  started.  At  Boylston  street  the  excavation  above  the 
ground  water  level  and  above  ledge  was  taken  out  by  men  shovel- 
ing directly  into  carts.  The  deeper  excavation  at  the  southerly  end, 
where  the  material  was  hard  pan,  was  handled  with  a  Carson 
Trainor  trench  machine ;  the  rock  near  the  middle  was  handled 
with  derricks,  and  at  the  north  end,  where  the  material  was  chiefly 
quicksand,  a  cableway  about  700  feet  long  was  used.  As  the  old 
brook  channel  was  only  about  7  feet  from  the  nearest  line  of  the 
trench,  the  bottom  of  which  was  12  feet  below  the  bed  of  the 
brook,  and  as  the  main  tracks  of  the  railroad,  on  which  trains  were 
frequently  passing,  were  close  to  the  other  side  of  the  brook,  very 
great  care  was  required  in  placing  and  maintaining  the  sheet  piling 
and  bracing.     The  quicksand  excavation  was  made  in  sections  of 
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about  20  feet  in  length,  sheet  ]»ilin<;  hein^"  flriven  across  the  trench, 
as  well  as  on  the  sides,  and  tliurnuohly  braced,  the  sand  taken  out 
and  the  invert  foundation  put  in  as  rapidly  as  possible ;  then  the 
next  section  was  excavated  to  sub-grade  before  the  sheeting 
between  the  two  sections  was  removed.  The  trench  was  kept  clear 
of  water  by  an  underdrain,  which  carried  the  water  to  a  sump  at  the 
north  end,  whence  it  was  raised  by  a  steam  pump  and  discharged 
into  the  brook  below  the  work.  The  covered  conduit  (Fig.  4)  as 
built  consisted  of  a  concrete  invert  foundation  6  inches  thick,  laid 
on  from  6  to  12  inches  of  gravel,  refilling  where  quicksand  was 
encountered,  but  laid  directly  u])on  the  natural  earth  where  it  was 


Fig. 


Cross-section  of   Stony  Brook   Conduit  ne.\r   Boylston   Street 
Station. 


firm  and  compact.  Concrete  sidewalls  were  carried  a  little  above 
the  springing  line  of  the  arch.  The  invert  foundation  and  side- 
walls  were  plastered  with  cement  mortar  and  lined  wdth  8  inches 
of  hard-burned  brick  laid  in  cement  mortar.  Where  the  conduit 
was  built  in  rock,  only  enough  concrete  was  put  into  the  founda- 
tions and  sidewalls  to  fill  the  inequalities  in  the  rock  left  in  blasting 
and  to  bring  the  inner  faces  to  the  proper  lines  for  the  brick  lining 
and  arch.  The  arch  was  of  hard-burned  brick  laid  in  cement 
mortar,  16  inches  thick  at  the  crown,  and  the  extrados  was  plas- 
tered with  cement  mortar.  The  inside  dimensions  of  the  conduit 
were  17  feet  w^ide  and  15^  feet  high,  large  enough  to  allow  of  the 
passage  of  an  ordinary  railroad  train.  Upon  the  easterly  haunch 
of  the  conduit,  there  was  constructed  the  West  Roxbury  low-level 
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sewer.  2x3  feet  6  inches  in  size.  Near  Boylston  street,  there  was 
also  built  upon  this  easterly  haunch,  and  above  the  West  Roxbury 
low-level  sewer,  about  560  feet  of  a  4  x  5-foot  brick  sewer  to 
replace  an  elbow  of  the  Stony  Brook  Valley  sewer  that  was  cut  off 
by  the  new  conduit,  the  sewerage  being  carried  temporarily  in  a 
wooden  flume  fastened  to  the  easterly  side  wall  of  the  old  brook 
channel.  Two  brick  sewers  and  one  pipe  sewer  were  carried  over, 
and  overflows  constructed  into,  the  new  conduit.  The  northerly 
end  of  the  conduit  was  finished  with  a  granite  arch  facing  and 
squandrel  w^all.  with  sidewalks  connecting  with  the  old  sidewalls, 
and  a  Portland  cement  concrete  incline  sloping  from  the  low  grade 
of  the  conduit  up  to  the  bed  of  the  old  brook.  The  southerly  end 
of  the  conduit  was  finished  with  a  similar  arch  facing  and  spandrel 
wall.  The  brick  invert  and  sidewall  lining,  with  heavy  sidewalls 
built  up  to  the  surface  of  the  ground,  were  carried  about  20  feet 
south  from  the  arch,  and  a  dam  wall  built  across  and  up  to  the 
level  of  the  old  bed  of  the  brook.  Soutl:erly  from  tl  is  dam  wall  an 
open  channel  was  constructed,  with  a  concrete  invert  and  granite 
sidewalls. 

Connecting  the  upper  end  of  this  open  channel,  there  was 
built  a  sand  catcher,  or  settling  basin,  to  stop  and  retain  sand  and 
other  sediment  brought  down  by  the  brook,  and  so  constructed  that 
sections  of  it  could  alternately  be  drained  and  cleaned  while  other 
sections  carried  the  stream.  An  iron  grating  to  catch  driftwood, 
etc.,  and  a  footbridge  over  the  basin  were  also  placed  here. 

After  the  conduit  at  the  northerly  end  had  been  completed  the 
length  of  the  cableway,  the  cableway  was  shifted  to  the  south,  a 
wooden  bulkhead  placed  in  the  south  end  of  the  completed  portion 
and  the  brook  turned  into  the  conduit  through  an  opening  left  in 
the  arch  just  below  the  bulkhead,  and  the  old  channel,  where  dis- 
continued, used  for  a  dump,  an  18-inch  drain  pipe  first  being  laid 
in  the  old  channel. 

After  the  completion  of  the  whole  channel,  and  at  a  time  of 
low  water  in  the  brook,  the  stream  was  turned  through  this  18-inch 
pipe,  the  water  in  the  conduit  pumped  out,  the  bulkhead  removed, 
the  hole  in  the  arch  repaired  and  the  brook  then  turned  through  the 
completed  channel. 

The  excavation  for  the  new  channel  at  Forest  Hills  was  slight 
and  simple.  The  covered  connection  with  the  culvert  under  Walk 
Hill  street  consisted  mainly  of  a  double  conduit,  with  rubble  side- 
walls  and  a  brick  center  pier,  each  4  feet  high,  and  semicircular 
arches  of  8-foot  span,  12  inches  thick  at  the  crown,  the  whole  rest- 
ing upon  five  longitudinal  6  x  6-inch  spruce  sills  covered  with  3- 
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inch  plank.  The  total  lens^th  of  tlie  conduit  was  170  feet,  and  a 
little  below  the  middle  point  in  this  length  there  was  constructed  a 
distributing-  ciiamber  17  feet  4  inches  wide  and  15  feet  long,  into 
which  flowed  the  Bussey  Park  branch  of  Stony  Brook,  which  was 
carried  under  the  West  Roxbury  branch  tracks  in  an  8-toot 
diameter  circular  brick  conduit.  The  upper  end  of  the  new  double 
conduit  was  finished  with  a  stone  arch  facing  and  spandrel  wall  and 
necessary  wing  walls.  The  old  double-arched  stone  culvert  under 
Walk  Hill  street  and  the  main  line  tracks  was  strengthened  to  sus- 
tain the  additional  20  feet  of  filling  and  the  retaining  wall  on  the 
easterly  line  of  the  railroad  by  covering  the  arches  with  18  inches 
of  concrete. 

The  total  cost  of  this  Stony  Brook  work  was  about  $200,000. 
While  this  Stony  Brook  work  was  going  on,  plans  for  the  main 
work  were  being  prepared,  buildings  in  the  way  were  being  torn 
down  or  moved  out  of  the  way  and  temporary  tracks  were  being 
laid.  Over  120  buildings  of  all  kinds,  from  a  shed  to  a  large  three- 
story  brick  factory,  were  either  torn  down  or  moved  away.  One 
large  three-story  brick  machine  shop,  with  long  lines  of  shafting, 
was  moved  lengthwise  about  300  feet  and  then  back  50  feet,  the 
machinery  inside  being  kept  constantly  at  work. 

The  work  was  divided  into  two  sections,  all  north  of  and  in- 
cluding Center  street  being  on  Section  i,  and  all  south  of  Center 
street.  Section. 2.     (See  Fig.  3.) 

The  engineer  corps,  as  organized  to  look  out  for  the  work, 
consisted  of  an  assistant  engineer  of  construction  in  personal  con- 
trol of  the  whole  work,  reporting  to  the  chief  engineer  in  New 
Haven,  Conn. ;  a  principal  assistant  engineer,  two  second  assistant 
engineers,  each  with  a  party  of  one  transitman  and  two  rodmen, 
one  party  giving  lines  and  grades  on  Section  i  and  the  other  on 
Section  2 ;  one  cement  tester,  who  tested  on  an  average  samples 
from  one  barrel  in  ten  of  those  ordered  for  the  work,  and  four 
inspectors ;  a  total  of  sixteen  men. 

June  25,  1895,  contracts  were  made  with  H.  H.  Brown  for 
the  work  on  Section  i,  and  with  J.  J.  O'Brien  for  the  work  on 
Section  2. 

At  that  time  the  railroad  between  Park  Square  and  Rcadville 
was  operated  with  a  left  hand  running  double  track  and  a  third 
track  west  of  the  double  track,  used  by  northbound  trains  in  the 
early  mornings  and  by  southbound  trains  in  the  late  afternoons,  for 
the  accommodation  of  the  heavy  suburban  traffic.  It  was  impracti- 
cable to  maintain  these  three  tracks  for  regular  service  and  con- 
struct any  part  of  the  new  work,  especially  on  Section  i,  which  in 
'4 
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one  place  was  only  53  feet  wide,  and  regular  traffic  was  therefore 
limited  on  Section  i  to  the  old  double  track,  which  was  connected 
at  Center  street  with  a  temporary  double  track  on  Section  2  laid 
east  of  the  old  double  track  on  land  taken  or  purchased.  No  track 
connection  w^as  permitted  with  this  double  track  between  Forest 
Hills  and  Chickering. 

On  Sunday,  September  22,  1895,  the  regular  traffic  was  trans- 
ferred to  these  temporary  tracks,  and  the  interlocking  tower  at 
Forest  Hills  was  disconnected  from  the  old  West  Roxbury  branch 
junction  switches  and  signals  and  connected  with  the  temporary 
junction  switches  and  signals,  there  being  only  the  one  day  when 
the  tracks  were  not  controlled  from  the  tower. 

This  same  day  all  double  track  of  the  Old  Colony  system  of 
the  New  York,  New  Haven  and  Hartford  Railroad  was  changed 
from  left  hand  to  right  hand  running.  While  this  did  not  require 
iuany  track  changes  on  the  grade  crossing  work,  it  did  necessitate 
many  precautions  being  taken  to  protect  the  men,  who  had  become 
accustomed  to  left  hand  running  and  who,  under  the  stress  of  the 
construction  work  going  on,  were  liable  to  forget  that  trains  were 
running  right-handed.  The  old  third  track  was  used  as  a  con- 
struction track,  for  the  handling  of  stone  and  other  construction 
material.  A  storage  yard,  for  receiving  construction  freight,  was 
constructed  at  Forest  Hills. 

Tlie  following  printed  rules  were  issued : 

OFFICE  OF  ASST.  ENGINEER  OF  CONSTRUCTION,  N.  Y.,  N.  H. 
AND  H.  R.  R.,  OLD  COLONY  SYSTEM,  JAMAICA  PLAINS,  MASS. 

RULES  FOR  THE  GOVERNMENT  OF  ENGINEERS  AND  INSPECTORS. 

Main  tracks  must  be  kept  clear  for  the  safe  passage  of  trains  at  all  times. 

Contractors  are  not  allowed  to  cross  main  tracks  with  materials,  except 
in  the  usual  way  at  street  crossings  that  are  protected  by  gates. 

In  case  of  an  accident  where  one  or  more  of  the  main  tracks  is  obstructed 
the  first  thing  to  do  is  to  send  flags  out  in  both  directions,  at  the  same  time 
notifying,  by  telegraph,  this  office  and  al<o  the  office  of  the  suoerintendent  in 
Park  Square  station,  Boston,  of  the  nature  of  the  accident,  what  tracks  are 
blocked,  and  how  long  it  will  take  to  clear  them.  Take  all  the  men  in  call 
on  the  work  to  clear  the  tracks. 

Contractors  must  provide  and  keep  along  the  work  sets  of  emergency 
tools,  such  as  axes,  saws,  tackle,  etc.,  where  they  can  be  gotten  at  in  case  of 
accident. 

Telegraph  wires  must  not  be  interferred  with.  In  case  they  are  in  the 
way,  notify  this  office  that  a  lineman  is  needed  to  look  after  them,  and  they 
are  not  to  be  touched  without  his  consent. 

All  derricks  that  are  set  up  so  that  the  boom  can  reach  over  a  main 
track  must  have  boom  fastened  with  guy  rope,  or  posts  must  be  set  in  the 
ground  so  as  to  prevent  it  swinging  out  over  the  main  track  at  any  time. 


THE  ABOLITION   OF  GRADE   CROSSINGS.  171 

Foremen  must  inspect  all  guys  every  morninp  at  each  derrick. 

In  case  it  is  necessary  to  take  a  guy  line  across  tracks  permission  must 
first  be  asked  of  this  office  for  necessary  flagman  (and  lineman  for  wires  if 
required),  and  the  crossing  of  tracks  with  line  must  be  done  under  direction 
of  the  section  boss  and  under  flags  put  out  in  both  directions  to  protect 
trains. 

Contractors'  men  arc  not  allowed  to  fasten  guys  or  the  like  to  the  tracks 
or  to  the  false  work  carrying  tracks. 

Contractors  must  not  unload  from  cars  on  construction  track  while 
regular  trans  are  passing  or  aproaching  on  main  tracks. 

Contractors  will  be  allowed  to  work  near  the  construction  track,  pro- 
vided flags  are  put  out  in  both  directions  at  least  500  feet  away  on  this  track. 

At  no  time  must  the  construction  track  be  blocked  in  such  a  manner  that 
it  cannot  be  at  once  freed.  Trains  must  be  expected  on  this  track,  in  either 
direction,  ac  any  time. 

All  guys,  where  crossing  tracks,  must  be  at  least  22  feet  in  the  clear 
above  the  top  of  rail. 

Contractors  must  have  all  excavations  that  are  made  near  public  travel, 
and  all  obstructions  in  public  highways,  properly  protected  by  fences,  and 
well  lighted  at  night. 

During  heavy  rainstorms,  engineers  and  inspectors  must  be  upon  their 
work  to  guard  against  all  possible  accidents. 

No  excuse  will  be  taken  for  disobedience  of  orders  or  carelessness,  and 
inspectors  will  report  any.  violation  of  rules  or  any  carelessness  on  the  part  of 
contractors"  men.  Per  order. 

C.  M.  Ingkrsoll,  Jr.. 
Asst.  Rngr.  of  Const. 

Early  in  July.  1895,  work  was  started  by  the  contractors.  On 
Section  i  derricks  were  erected  every  two  or  three  hundred  feet 
between  the  construction  track  and  the  westerly  retaining  walls 
from  Old  Heath  street  to  Prentiss  street,  a  distance  of  about  three- 
quarters  of  a  mile.  North  of  Ruggles  street,  for  about  a  third  of 
a  mile,  they  were  placed  on  the  westerly  side  of  the  wall. 

On  Section  2  the  temporary  main  tracks  were  laid  far  enough 
to  the  east  so  that  the  retaining  w^alls  and  westerly  portions  of  the 
abutments  could  be  built  at  the  same  time,  and  derricks  were  erected 
at  the  streets  as  well  as  along  by  the  walls. 

The  lowering  of  the  street  grade  at  Ruggles  street  w^as  such 
as  to  require  the  reconstruction  of  a  portion  of  Stony  Brook  chan- 
nel which  ran  through  Ruggles  street  and  Rogers  avenue, 

A  double  brick  conduit  was  built,  with  a  flatter  section  and  at  a 
lower  grade  than  the  old  culvert,  making  a  slight  depression  or 
siphon  in  the  line  of  grade.  The  alignment  was  also  changed  to 
avoid  the  middle  pier  of  the  railroad  bridge.  Ruggles  street  was 
closed  to  highway  travel  during  this  work,  the  travel  using  Prentiss 
street,  and  the  tracks  were  supported  by  temporary  stringers  and 
blockinsf. 
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At  Center  street  the  highway  was  closed  to  teams,  but  a  foot- 
bridge was  maintained  over  the  tracks  north  of  the  old  highway 
bridge  while  the  southerly  oortion  of  the  street  was  lowered  to  the 
new  grade.  A  new  sewer,  new  water  pipes  and  gas  pipes  were 
laid,  and  the  street  railway  company  laid  as  much  of  their  perma- 
nent track  as  could  be  put  in.  Walk  Hill  street  was  closed  from 
the  beginning  to  the  end  of  the  work.  The  other  streets  were  kept 
open,  except  Tremont  street,  which  was  clo>ed  for  a  short  time,  as 
will  W  mentioned  later. 

\'ery  large  quantities  of  stone  and  cement  were  required,  and 
in  order  to  expedite  the  work  it  was  essential  that  plenty  of  stone 
should  be  on  hand  to  select  from,  and  that  it  should  be  placed 
promptly. 

A  daily  stone  train  was  run  between  the  Ouincy  quarries  and 
the  Forest  Hills  storage  yard,  constructed  to  receive  this  freight,  as 
before  mentioned,  quite  a  surplus  being  kept  in  the  yard.  Stone 
came  also  from  Fitchburg,  Pascoag  and  even  from  Maine.  At 
times  there  were  as  many  as  250  cars  of  stone  on  hand.  Each 
afternoon  the  contractors  looked  over  the  stone  and  made  lists  of 
the  cars  wanted  placed  the  next  day,  stating  at  which  derricks  they 
were  needed.  The  assistant  roadmaster,  in  charge  of  the  construc- 
tion train  service,  rearranged  these  lists  in  the  order  in  which  the 
cars  would  be  required  placed  on  the  construction  track,  and  gave 
the  revised  list  to  the  train  crew,  who  made  up  the  train  in  the 
required  order  and  as  early  as  possible  the  following  morning 
backed  the  whole  train  to  the  north  end  of  the  work  and  on  the 
way  back  dropped  the  designated  cars  at  the  appropriate  derricks. 
Late  in  the  afternoon  this  same  crew  took  away  the  empty  flat  cars 
and  placed  at  the  derricks  empty  gondola  cars,  which  were  loaded 
during  the  night  with  material  taken  from  the  foundations  by  the 
excavation  gangs  working  by  electric  light.  Early  in  the  morning, 
the  loaded  gondola  cars  were  taken  away,  leaving  the  track  clear  for 
the  morning  stone  train. 

The  inspectors  submitted  daily  reports,  on  printed  cards,  of 
work  done  at  each  derrick,  stating  kind  of  work,  location,  whether 
done  by  company  or  contractor,  number  of  men  of  each  class  of 
labor,  time  of  starting  and  stopping,  a})proximate  amount  of  work 
done  and  what  was  required  if  delay  was  liable  to  ensue  because  of 
lack  of  men  or  materials. 

After  the  westerly  retaining  wall  on  Section  i  was  completed 
the  construction  track  was  taken  up  and  the  abutments  for  two 
track?  construclcd,  the  stone  being  unloaded  from  the  main  tracks 
at  night  and  piled  up  near  tlic  work,  to  be  laid  the  following  day. 
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Masonry  was  laid  bulli  suniincr  and  w  inter,  brine  being  used  in  the 
mortar  in  very  cold  weather. 

The  temporary  trestles  were  also  erected  as  soon  as  the  con- 
struction track  was  taken  up.  There  was  constructed  a  single  track 
trestle  north  of  Ruggles  street,  a  double  track  trestle  from  Prentiss 
street  to  Center  street,  a  double  track  trestle  over  the  track  leading 
into  the  Forest  Hills  freight  yard  and  a  double  track  trestle  from 
Morton  street  to  Washington  street,  passing  over  the  West  Rox- 
burv  branch  teniiiorary  tracks. 


I 


Fig.   5.     Retai.vixg  Wall  at  Jamaica   Plain  and  Green   Street  Bridge. 


Where  no  trestles  were  built,  the  tracks  were  laid  on  the  perma- 
nent embankments.  The  trestles,  w^ere  built  all  of  hard  pine,  with 
12  X  12-inch  sills,  posts  and  caps,  thoroughly  braced  with  4  x  8-inch 
bracing.  Bents  were  placed  12  feet  apart  on  centers,  with  4x8- 
inch  longitudinal  bracing  in  two  of  every  three  bays.  Two  8  x  16- 
inch  stringers,  each  24  feet  long  and  breaking  joints  at  the  bents, 
were  placed  under  each  rail.  Ties  were  6x8  inches,  and  guard 
timbers  were  of  the  same  size  and  placed  outside  of  each  rail.  On 
curves,  the  elevation  of  the  outer  rail  was  obtained  by  tapered  shim 
blocks  placed  one  on  each  tie. 

The  retaining  walls  and  abutments  were  built  of  cut  stone  face 
inasonry  and  rubble  backing,  laid  solid  in  cement  mortar.  The 
wall  u!idcr  the  dressed  coping,  which  was  3  feet  wide  and  15  inclies 
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deep,  was  3  feet  thick,  plumb  on  the  face,  and  battered  down  on  the 
back  4  inches  to  a  foot  until  the  thickness  equaled  one-half  the 
height,  where  the  batter  was  increased  to  6  inches  to  a  foot.  The 
two  upper  courses  of  the  coping  were  chamfered,  and  in  the 
vicinity  of  stations  a  neat  and  strong  iron  fence  was  set  in  the  top 
of  the  coping.  Fig.  5  shows  the  wall  and  iron  fence  and  the  bridge 
at  Green  street. 

Tremont  street  crossed  the  railroad  on  quite  a  skew,  and  the 
abutments  were  built  in  a  succession  of  jogs  to  support  the  ribs  of 
the  steel  arch,  which  lapped  by  each  other.  Great  care  was  required 
in  the  setting  of  the  skew  back  stones. 

South  of  Tremont  street.  Stony  Brook  flowed  under  the  rail- 
road and  under  a  part  of  the  westerly  retaining  wall  in  a  brick 


Fig. 


Completed  Parkway  and  ?\Iorton  Street  Arch  Viaduct. 


conduit  of  the  same  size  as  that  hereinbefore  described  as  Iniilt  near 
Boylston  street.  To  strengthen  this  conduit  so  as  to  safely  carry 
the  w^eight  of  the  retaining  wall,  applied  on  one  side  only,  and  also 
the  weight  of  the  additional  20  feet  of  filling,  the  conduit  arch  was 
uncovered,  and  the  space  between  the  sides  of  the  old  rock  trench 
in  which  it  ^\•as  constructed  was  filled  level  with  concrete  to  a 
height  of  18  inches  above  the  crown  of  the  old  arch. 

lictween  Forest  Hills  and  JMt.  Hope,  the  Stony  Brook  brick 
arch,  carrying  three  tracks,  was  lengthened  out  to  take  the  fourth 
track. 

The  lUissev  farm  arch  was  lengthened  out  to  carry  the  new 
third  track  on  the  West  Roxbury  branch. 

The  five-stone  arch  viaduct  at  Forest  Hills,  four  arches  being 
over   the    I'arkway    and   one    over    Morton    street,    is    particularly 
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wiinlu  <il'  111  nice.  I' it;.  '1  shows  a  ri'^^lil-aii^li.-  section  (if  the  arches. 
'J  he  two  end  arclies.  the  soulli  one  Iieini;  for  Morton  street,  had 
spans  of  41  feet  at  rii^ht  ant;les  to  llieir  axes,  the  middle  one  a 
span  (if  45  feet  and  the  two  intermediate  ones  spans  of  23  feet. 
The  ahntnients  were  17  feet  tliick  at  the  hottonf  and   u  feet  ihick 


Fn;.   8.     Section  of  Walk  Hii.l   Strekt   Steel  Arch   Abutment,   Forest 

Hills. 

at  the  spring-.  The  piers  were  16  feet  thick  at  the  bottom  and 
9  feet  4  inches  thick  at  the  spring.  The  angle  of  the  faces  with 
the  axes  was  63"  03'. 

The  abutments,  piers  and  spandrel  walls  were  built  in  courses, 
the  top  course  just  below  the  parpct  being  a  variable  course  i  foot 
8  inches  high  over  the  middle  arch  and  4  inches  liigh  at  the  backs  of 
the  abutments.  The  parapet  was  quite  ornamental,  rising  t'^  a  height 
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of  about  6  feet  above  the  level  of  the  railroad  tracks.  The  ends  of 
the  abutments  and  piers  were  finished  in  the  form  of  buttresses, 
which  were  carried  up  to  the  top  of  the  parapet.  The  ring  stones 
were  2  feet  6  inches  deep,  except  on  the  ends,  where  they  were  made 
deeper  for  architectural  effect.  The  soffits  were  fine-pointed,  the 
parapet  either  fine-pointed  or  fine-hammered  and  all  other  stone 
left  with  rock  face.  The  upper  surfaces  of  the  arches  were  water- 
proofed wdth  a  layer  of  Portland  cement  mortar  covered  with  ten 
layers  of  tarred  paper,  each  thoroughly  mopped  with  hot  asphalt. 
The  valleys  between  the  arches  were  drained  by  4-inch  iron  pipes 
extending  down  through  the  centers  of  the  piers  to  about  4  feet 
underground,  where  they  turned  and  connected  with  drain  pipes, 
emptying  into  low  ground  northeast  of  the  arches.  A  sufficient 
length  of  the  westerly  ends  of  these  arches  was  constructed  to  carry 
the  two  westerly  high  tracks.  Fig.  7  shows  the  completed  struc- 
ture. 

The  abutments  for  the  Walk  Hill  street  steel  arch  were  built 
with  inclined  stones  and  Portland  cement  backing.  Fig.  8  gives  a 
comprehensive  section  of  this  masonry. 

The  station  subways  were  built  with  abutments  of  rubble 
masonry,  faced  with  white  enameled  brick,  with  a  2-inch  air  space 
between.  Fig.  9  shows  the  subway  at  Forest  Hills.  The  brick 
arches  consisted  of  soffit  courses  of  enameled  brick  and  four  other 
courses  of  hard-burned  brick.  The  ends  of  the  arches  and  abut- 
ments were  finished  with  stone  voussoirs  and  courses.  At  the  sta- 
tions the  retaining  w^alls  were  built  to  allow  for  wide  platforms  at 
the  level  of  the  tracks,  with  necessary  stone  steps  giving  convenient 
access  to  the  streets. 

The  westerly  stations  were  erected  as  soon  as  the  retaining 
walls  past  their  sites  had  been  constructed.  The  basements  were 
constructed  with  stone  walls  similar  in  color  to  the  stone  in  the 
retaining  walls,  and  lined  inside  with  buff-colored  brick.  Stairs  to 
the  track  floors  and  baggage  rooms  and  the  necessary  heating 
apparatus  were  constructed  in  them.  The  upper  stories  were  con- 
structed with  light-colored  brick  walls,  sheatlied  up  to  the  window 
sills  inside  in  oak  and  lined  with  buff  brick  above  the  sheathing. 
The  inside  arrangements  were  convenient  and  commodious,  with 
ticket  offices  and  waiting,  baggage  and  toilet  rooms ;  suitable  cover 
sheds  were  constructed  oyer  the  track  platforms. 

At  Forest  Hills  an  approach  was  constructed,  on  the  westerly 
side  of  the  tracks,  from  the  corner  of  Morton  and  Walk  Hill  streets 
up  to  the  track  platforms.  At  the  other  stations  station  grounds 
were  constructed  at  the  level  of  the  adjoining  streets. 
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While  all  ilii>  work  was  hciiii;  cIduc  by  the  contractors,  the  road- 
master  and  his  assistant  were  bringing  in  gravel  filling,  sometimes 
at  the  rate  of  from  60,000  to  70,000  cubic  yards  a  month.  At  the 
beginning  of  the.  work  the  gravel  was  loaded  at  Readville  pit  by 
steam  shovel  and  iiaulcd  in  trains  of  dump  cars,  but  after  about 
200,000  cubic  yards  had  been  taken  from  Readville  pit  the  steam 
shovel  was  moved  to  Sharon  pit,  a  large  pit  on  the  main  line,  about 
13  miles  from  Forest  Hills.  Because  of  the  long  haul  on  the  main 
line,  the  use  of  dump  cars  was  discontinued  and  gondola  cars  substi- 
tuted. These  were  large  cars,  holding  25  cubic  yards  each, 
equipped  with  air  brakes  and  constructed  with  hinged  sides,  which 


Fig.  9.     Forest  Hills   Subway. 

when  raised  allowed  about  one-third  of  the  load  to  fall  out,  the  other 
two-thirds  having  to  be  shoveled  out ;  20  cars  made  up  a  train. 

No  filling  could  be  deposited  on  Section  i  until  after  the  wall 
was  built,  but  on  Section  2  there  were  long  stretches  where  no  walls 
were  required  and  where  the  fill  could  be  made  at  once.  South  of 
Washington  street,  considerable  filling  was  put  under  the  main 
tracks,  the  regular  trains  continuing  to  use  the  tracks,  the  tracks 
being  raised  over  8  feet  in  this  way.  As  fast  as  the  filling  was 
brought  up  to  the  tops  of  the  abutments  on  Section  2  the  filling 
track  was  carried  across  the  streets  on  temporary  trestles  and  con- 
nected with  the  construction  track  on  Section  i.  The  low  con- 
struction track  on  Section  2  was  then  taken  up  and  the  embankment 
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widened  ont.  and  when  rei^ular  traffic  was  transferred  to  the  two 
westerly  hi^h  tracks  a  tilhng-  track  liad  been  laid  on  the  embank- 
ment east  of  the  main  tracks  for  the  whole  length  of  Section  2 
north  of  Forest  Hills.  Tracks  were  laid  on  the  trestles  as  soon  as 
completed,  and  as  much  fillino-  placed  as  could  be  put  in  without 
obstructing  the  low  main  tracks. 

As  fast  as  the  bridges  were  received  they  were  erected  in  place 
by  the  bridge  contractor's  men. 

?\Iost  of  the  girder  bridges  were  half-through  bridges,  and 
when  in  place  the  tops  of  the  girders  came  but  very  little,  if  any, 
above  the  tops  of  the  rails.    Where  station  platforms  were  carried 


V\c..    10.     \\'.\LK    IIii.L   Stkkkt   Steel   .Xkih.    Eure.st   llu.i.s. 

over  the  bridges,  fence  girders  were  placed  on  the  outside  of  the 
platforms.  All  of  the  steel  bridges  had  tight  ballast  floors.  The 
entire  bridge  was  painted  with  two  coats  of  red  lead  ;  the  upper  floor 
surface  was  then  swabbed  with  hot  asphalt;  screened  gravel  was 
placed  around  the  drainage  holes  in  l)oth  ends  of  the  troughs  and 
the  rest  of  the  troughs  filled  with  mastic  ballast,  consisting  of 
screened  gravel  and  enough  asphalt  to  make  the  stones  stick  to- 
gether, but  not  to  fill  the  voids  between  the  stones.  Small  screened 
gravel  ballast  was  then  put  on  the  floor  and  the  ties  bedded  in  it. 
Under  the  drainage  holes  were  suspended  copper  gutters,  leading 
either  to  pipes  passing  through  the  parapets  into  the  drains  to 
the  sewers,  or  to  down  spouts  emptying  into  the  street  gutter.     The 
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brid.^es  were  finall_\'  painted  one  coat  of  the  standard  color  for 
track  bridc^es. 

The  Walk  Hill  street  steel  arch  (Fig.  10)  is  a  two-hinged  arch 
built  square.  The  Tremont  street  arch  (Fig.  11)  is  a  three-hinged 
arch  on  quite  a  skew.  Fig.  11  shows  also  the  Roxbury  driveway 
plate  girder  bridge. 

The  two  westerly  tracks  were  laid  with  100-pound  steel  rails, 
and  the  Forest  Hills  junction  was  controlled  from  a  temporary  in- 
terlocking tower. 

Sunday,  August  23,  1896,  thirteen  and  one-half  months  after 
the  beginning  of  the  main  work,  all  regular  trains  were  transferred 


Fig.    II.     Tke.moxt   Street   Steel  Arch   and  Driveway  Bridge,  Roxbury. 


to  the  two  new  high  tracks.  As  soon  as  this  transfer  was  made  one 
of  the  old  low  main  tracks  was  taken  up  and  the  other  used  as  the 
new  construction  track.  Derricks  were  erected  and  work  at  once 
begun  on  the  easterly  walls. 

South  of  Tremont  street,  Stony  Brook  ran  close  to  the  railroad 
for  a  distance  of  about  600  feet,  its  westerly  channel  wall,  about  10 
feet  high,  sustaining  the  easterly  side  of  the  railroad.  This  wall 
was  taken  down  and  the  new  retaining  wall  started  at  the  bed  of 
the  brook. 

Center  street  was  graded  to  its  full  width,  the  street  car  tracks 
laid  and  the  surface  of  the  street  finished. 
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Lamartine  street  freight  yard  was  completed  and  opened  to 
the  pubHc. 

After  the  retaining  wall  on  Section  i  was  completed,  the  con- 
struction track  was  taken  up  and  the  street  abutments  constructed, 
the  stone  being  unloaded  from  the  main  tracks  at  night.  On  Section 
2  the  construction  track  was  east  of  the  retaining  wall,  and  work  on 
both  the  w'alls  and  abutments  could  go  on  at  the  same  time. 

At  Roxbury  the  old  station  was  raised  and  a  stone  basement 
constructed  underneath.  The  other  easterly  stations  were  built 
similar  to  the  ones  on  the  westerly  side,  and  station  grounds  graded 
and  surfaced. 

The  Forest  Hills  freight  yard  was  raised  to  connect  with  the 
main  tracks.  The  filling  was  widened  out  from  the  main  tracks, 
the  low  tracks  being  used  for  storage  until  the  filling  reached  them, 
when  they  were  taken  up  and  relaid  on  the  new  fill.  When  the 
last  low  track  was  taken  up,  the  track  leading  into  the  yard  was  also 
taken  up  and  the  gap  under  the  main  tracks  filled  in  with  gravel. 

The  filling  on  Section  2  was  dumped  from  the  filling  track  at 
the  high  grade  in  the  day  time.  The  filling  on  Section  i  was  done 
largely  from  the  main  tracks  at  night.  The  greater  part  of  this 
night  filling  was  done  in  winter,  and  the  cold  was  so  great  that  the 
Italians  who  had  been  doing  most  of  the  grading  work  could  not 
endure  it,  and  a  gang  of  Canadians  was  secured  to  finish  this 
work. 

South  of  Tremont  street,  filling  was  put  in  at  night,  until  a 
siding  could  be  laid  from  the  main  track  running  onto  the  new  fill, 
down  a  steep  grade  to  the  old  construction  track  and  along  to  New 
Heath  street.  After  this  had  been  done  gravel  trains  were  backed 
onto  this  track  and  the  filling  then  put  in  by  day.  The  laying  of  the 
permanent  easterly  tracks  folowed  closely  the  completion  of  the  em- 
bankments. 

The  two  westerly  high  tracks  were  carried  on  trestle  over  Tre- 
mont street  and  Roxbury  driveway,  the  bridges  not  having  been 
received  at  the  time  trains  were  transferred  to  these  tracks.  After 
the  bridge  masonry  had  been  completed  and  the  bridge  material 
received,  the  bridge  for  the  westerly  tracks  at  Roxbury  driveway 
was  erected  in  the  place  for  the  easterly  tracks  and  the  ballast  and 
ties  put  on,  and  one  Sunday  night,  after  the  last  train  had  passed, 
the  two  westerly  tracks  over  the  driveway  were  taken  up,  the 
trestle  removed,  the  new  bridge  slid  over  into  its  proper  position 
and  the  tracks  connected  up  again  before  the  first  morning  train 
was  due.  The  bridge  for  the  easterly  tracks  was  then  erected  and 
the  roadwav  uuflorneath  surfaced.     Tremont  street  travel  was  then 
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diverted  llirough  the  driveway  and  the  easterly  lialf  oi  ihe  Tre- 
iiiont  street  arch  erected. 

May  2,  1897,  the  regular  traffic  was  transferred  to  the  two  east- 
erly high  tracks  and  the  westerly  half  of  Treniont  street  arch  was 
erected.  At  the  same  time  the  two  westerly  tracks  on  the  trestles 
were  taken  up,  the  trestle  ties,  stringers,  guard  timbers  and  caps 
taken  out  and  removed  to  the  supply  yards,  and  the  tracks  relaid, 
ballasted  and  surfaced. 

June  -21.  1897,  almost  exactly  two  years  after  the  main  work 
was  begun,  the  four  tracks  were  put  into  permanent  service  and  the 
abolition  of  the  grade  crossings  on  the  main  line  in  the  city  of 
Boston  had  been  accomplished. 

The  following  quantities  of  masonry  and  other  work  were  con- 
structed:  123,000  cubic  yards  stone  masonry,  21,000  cubic  yards 
concrete  masonry,  nearly  8000  cubic  yards  of  brick  masonry,  eight 
new  brick  and  stone  stations  and  two  old  stations  raised  and  en- 
larged, nearly  a  mile  of  temporary  double-track  trestle  and  a  half 
mile  of  single-track  trestle,  13  four-track  and  two  five-track  steel 
bridges,  about  19  miles  of  main  track,  four  miles  of  freight  tracks 
and  about  eight  miles  of  temporary  or  filling  tracks,  and  1,200,000 
cubic  yards  of  earth  embankment.  About  31  acres  of  land  were 
taken  or  purchased  in  connection  with  the  work.  The  total  cost  of 
the  work  was  $4,041,514. 

Only  one  accident  happened  to  a  regular  train  during  the 
whole  work,  and  that  was  a  very  slight  one,  a  pane  of  glass  being 
broken  in  one  of  the  local  trains  and  one  passenger  cut  slightly  by 
the  flying  glass. 

The  plans  accompanying  the  commissioners'  reports  were  pre- 
pared under  the  direction  of  Mr.  S.  L,  Minot  and  Mr.  J.  W.  Rollins, 
Jr.,  but  the  execution  of  the  work,  from  the  beginning  nearly  to  its 
close,  was  under  the  personal  supervision  and  charge  of  Mr.  C.  M. 
Ingersoll,  Jr.,  assistant  engineer  of  construction.  January  i,  1897, 
when  the  work  was  nearing  completion,  Mr.  J.  W.  Rollins,  Jr.,  took 
charge  and  completed  it,  Mr.  Ingersoll  leaving  to  assume  the  duties 
of  assistant  to  the  president  of  the  railroad  and  later  to  become 
chief  engineer,  which  position  he  now  holds.  All  the  tilling  and 
train  work  was  done  under  the  direction  of  the  roadmaster,  Mr. 
R.  P.  Collins,  and  his  assistant,  Mr.  Hugh  Steele. 

FOURTH   TRACK  CONSTRUCTION,   MT.    HOPE  TO  READVILLE. 

During  the  progress  of  the  abolition  of  these  main  line 
crossings,  an  additional  track  was  laid  from  Mt.  Hope  to  Readville, 
thereby  making  the  four-track  service  continuous  from  Boston  to 
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Readville.  A  new  station  was  built  at  JMt.  Hope;  the  stations  at 
Clarendcn  Hills,  Hazelwood  and  Hyde  Park  were  moved  back  and 
new  station  platforms  constructed:  the  Stony  Branch  culvert,  south 
of  Clarenden  Hills,  extended  to  carry  the  fourth  track,  and  a  new 
bridge  erected  at  Canterbury  street  spanning  the  four  tracks. 

In  1896  acts  of  the  legislature  were  passed  providing  for  the 
abolition  of  all  grade  crossings,  both  public  and  private,  on  the 
West  Roxbury  and  Dedham  branches,  and  of  the  grade  crossings 
of  Milton  street  and  the  New  England  Railroad  at  Readville;  also 
providing  for  the  construction  of  a  new  highway  over  the  Provi- 
dence division  between  Hyde  Park  and  Readville  stations ;  the 
crossings  to  be  abolished  and  the  new  street  constructed  in  the  man- 
ner prescribed  by  commissioners  to  be  appointed  by  the  Superior 
Court.  S.  N.  Aldrich,  E.  B.  Bishop  and  H.  C.  Southworth,  the 
same  commissioners  who  prescribed  the  manner  of  abolishing  the 
main  line  crossings  in  Boston,  were  appointed.  Their  report 
covering  the  crossings  on  the  West  Roxbury  branch  was  con- 
firmed by  the  court  April  24,  1897,  and  their  report  covering  the 
crossings  on  the  Dedham  branch  ami  at  Readville  was  confirmed 
May  7,  1897. 

Before  the  work  was  begun  the  New  England  Railroad  was 
leased  to  the  New  York,  New  ^aven  and  Hartford  Railroad  Com- 
pany, becoming  the  Midland  division  of  the  latter  road. 

December  27,  1897,  contracts  were  made  with  Dwight  &  Daly 
for  the  work  on  the  Dedham  and  West  Roxbury  branches,  except 
the  Milton  street  crossing,  and  with  J.  J.  O'Brien  &  Co.  for  the 
work  at  Readville,  and  work  was  at  once  started. 

WORK   ON    THE    WEST   ROXBURY   BRANCH. 

The  three  highway  grade  crossings  abolished  on  the  A\'est  Rox- 
bury branch  were  South  street  at  Roslindale,  La  Grange  street  at 
West  Roxbury  and  Spring  street  at  Spring  street  station.  Sev- 
eral private  crossings  were  also  abolished. 

South  street  was  discontinued  where  it  crossed  the  railroad  and 
a  new  street,  60  feet  wide,  laid  out  from  Brandon  street  to  a  point  on 
South  street  a  little  south  of  South  Walter  street,  crossing  under 
the  railroad  tracks  about  430  feet  south  of  the  old  South  street 
crossing.  The  railroad  was  raised  at  the  new  street  5  feet  and  car- 
ried over  it  by  a  plate  girder  bridge  supported  upon  abutments 
and  steel  columns  at  the  curb  lines  of  the  sidewalks.     North  from 
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the  bridi^c  ihe  railni;ul  ran  (Hi  a  (K'scondiiii;-  i^radc  of  r  jht  cent,  lor 
about  4000  feet,  and  south  I'rdui  llu-  luid.^c  on  an  asocndini;-  inrade  of 
0.4  per  cent.  At  the  old  South  street  crossing  a  subway  lor  foot 
travel  was  constructed.  'J"he  raih-oad  was  carried  over  this  sub- 
way hv  a  steel  solid-tnnigh  llooring,  resting  upon  abutments  of 
rubble  niascMiry  faced  with  white  enameled  brick. 

The  old  Roslindale  station  was  raised  to  the  new  grade  of  the 
tracks  and  a  new  station  constructed  on  the  opposite  side,  and  sta- 
tion grounds  on  each  side  were  graded  and  surfaced.  1 

La  Grange  street,  at  West  Roxbury,was  widened  10  feet  on  the 
north  side  to  60  feet,  and  depressed  at  the  railroad  about  14  feet. 
Spring  street  was  widened  20  feet  on  the  north  side  to  60  feet  by 
the  decree,  and  before  much  grading  had  been  done  the  street  was 
again  widened  by  the  city  to  80  feet.  The  street  was  constructed 
at  the  latter  width.  It  was  depressed  at  the  railroad  about  15  feet. 
La  Grange  and  Spring  streets  had  maximum  grades  on  the  ap- 
proaches of  4  per  cent.  The  railroad  was  raised  at  La  Grange 
street  4  feet,  and  at  Spring  street  3  feet,  and  carried  over  these 
streets  by  two  span  plate  girder  bridges,  supported  upon  abutments 
and  middle  stone  piers.  The  bridge  carrying  tl;e  railroad  over 
the  private  way  called  Cass  street  was  replaced  by  a  new  plate 
girder  bridge,  resting  upon  new  abutments  spaced  33  feet  apart. 
The  abutments  at  Spring  street  were  built  upon  broad  foundations 
of  concrete,  resting  directly  upon  quicksand.  At  Cass  street  a  pi'-e 
foundation  was  put  in. 

The  new  street  at  Roslindale,  La  Grange  street  and  Spring 
street,  and  the  connecting  streets,  changed  to  meet  the  new  grade 
of  these  streets,  were  surfaced  with  granite  block  gutters  and 
macadam  roadways.  Considerable  difficulty  was  experienced  in 
macadamizing  Spring  street,  fully  double  the  contemplated 
amount  of  broken  stone  being  put  upon  the  subgrade,  which  was 
cjuicksand,  in  order  to  make  a  satisfactory  pavement. 

A  new  station  was  built  on  the  westerlv  side  at  West  Roxbury 
and  the  old  easterly  station  raised  up  to  the  new  grade.  At  Spring 
street  the  two  main  tracks  were  spread  apart  and  an  island  station, 
so-called,  was  constructed  between  thcni,  with  a  long  platform  con- 
necting by  stone  steps  with  Spring  street  and  Cass  street.  A 
freight  yard  was  constructed  on  the  westerly  side  of  the  railroad 
south  of  Cass  street.  The  railroad,  where  changed  in  grade,  was 
laid  with  two  new  100-pound  steel  rail  tracks. 

As  a  substitute  for  all  the  private  crossings  on  the  West  Rox- 
burv  branch  between  Spring  street  and  Dedham  a  30-foot  street 
was  constructed  on   the   westerlv  side  of  the   railroad,  extending 
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from  Belle  avenue  to  Washington  street  in  Dedham.  This  street 
was  carried  over  Mother  Brook  by  a  wooden  truss  bridge  resting  on 
piles. 

WORK  ON  THE  DEDHAM  BRANCH. 

THie  Dedham  branch,  which  was  a  double-track  branch,  was 
lowered  at  Walnut  street  5  feet,  and  at  Mt.  Vernon  street  about  6 
feet  At  East  street  it  was  raised  about  2  feet.  The  total  length 
of  change  of  grade  on  the  branch  was  6300  feet.  Between  Walnut 
street  and  Mt.  Vernon  street  the  railroad  was  in  quite  a  deep 
rock  cut,  and  in  lowering  the  tracks  about  6  feet  it  was  necessary 
not  only  to  take  out  the  rock  under  the  tracks,  but  also  to  widen  out 
the  slopes.  One  track  was  lowered  at  a  time,  the  other  track 
being  used  as  a  single  track  between  Dedham  and  Readville.  The 
excavated  material  was  hauled  away  in  small  dump  cars  by  a  small 
narrow-guage  locomotive,  the  average  haul  to  the  dump  being  about 
three-quarters  of  a  mile.  Walnut  street  freight  yard  was  lowered 
to  meet  the  new  grade  of  the  branch  and  the  tracks  relaid.  Where 
changed  in  grade,  the  branch  was  constructed  with  two  new  100- 
pound  steel  rail  tracks. 

A  heavy  retaining  wall,  about  700  feet  long,  was  built  on  the 
southerly  side  of  the  branch  between  Walnut  Hill  and  Stone  Haven 
stations. 

Walnut  street  was  raised  15  feet,  and  Mt.  Vernon  street  14 
feet,  and  they  were  carried  over  the  branch  by  plate  girder  bridges 
with  plank  floors.  The  abutments  were  built  plumb,  with  cut  face 
stone  and  rubble  backing  laid  solid  in  cement  mortar,  and  the  wings, 
where  carried  out  to  retain  the  embankment  slopes,  were  battered 
•i  inch  to  I  foot,  the  faces  at  the  heights  of  the  abutment  bridge 
seats  being  in  line  with  the  faces  of  the  parapets,  and  the  lines  of 
the  wings  making  angles  of  about  iy°  with  the  lines  of  the 
abutments. 

East  street  was  depressed  at  the  railroad  14  feet,  and  the  rail- 
road was  carried  over  it  by  a  four-track  plate  girder  bridge  span- 
ning the  whole  width  of  the  street.  The  abutments  and  wings  were 
built  plumb  on  the  face. 

The  street  approaches  to  all  the  bridges  were  surfaced  with 
cobblestone  gutters,  macadam  roadways  and  tar  concrete  sidewalks, 
the  maximum  grade  on  them  being  5  per  cent. 

New  wooden  island  stations  were  built  between  the  two  main 
tracks  at  Walnut  Hill  and  Stone  Haven,  the  tracks  being  spread  to 
permit  it,  and  a  wooden  stairway  was  constructed  at  Walnut  Hill 
connecting  with  the  Walnut  street  bridge,  and  one  at  Stone  Haven 
connecting  with  ]\ft.  Vernon  street  bridge. 
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Till-.   WOKK    AT   KK.\l)\ir.[.I-:   IN    IIYDK   PARK. 

iMi;-.  ij  is  a  j^c'iKTul  plan  of  the  work  at  Readvillc.  Near 
Readvillc  station,  in  tlic  town  of  Hyde  Park,  Milton  street  crossed 
at  grade  the  iSIidkand  division  (formerly  the  New  Enj^land  Rail- 
road) ;  ahout  60  feet  fnrther  west  it  crossed  ahove  the  Providence 
division  main  line,  and  about  360  feet  west  of  this  latter  place  it 


Fig.    13.    Hyde   Park   Avenue  Groined  Arch,   Readville. 


crossed  at  grade  the  Dedham  Ijranch.  About  500  feet  east  of  the 
Midland  division  crossing,  Milton  street  was  crossed  at  right  angles 
by  Hyde  Park  avenue,  which  ran  northerlv  about  700  feet,  then 
curved  to  the  west  and  passed  under  the  Midland  division,  then 
curved  to  the  north  and  ran  northerly  toward  Hyde  Park  station. 
Sprague  street  joined  Milton  street  about  iridway  between  the 
[15] 
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bridge  over  the  Providence  division  and  the  Dcdham  branch  grade 
crossing,  and  ran  southerly,  passing  under  the  Midland  division. 
Regent  street  left  Milton  street  just  west  of  the  Dedham  branch 
grade  crossing  and  ran  northerly  nearly  parallel  with  the  Provi- 
dence division  main  line.  The  Midland  division  passed  over  the 
Providence  division  about  80  feet  south  of  Milton  street. 

This  combination  of  grade  crossings,  under  crossings  and  over 
crossings  made  it  a  very  expensive  matter  to  abolish  the  two  grade 
crossings  of  Milton  street.  Hyde  Park  avenue  was  discontinued 
where  it  crossed  the  Midland  division  and  relocated,  beginning  at 
its  junction  with  Milton  street  and  running  northwesterly  60  feet 
wide,  passing  under  the  Midland  division  and  curving  to  the  right 
and  then  running  northeasterly,  passing  over  the  electric  track  con- 
nection bridge  to  the  old  location  of  Hyde  Park  avenue. 

Milton  street  was  discontinued  from  Prescott  street  to  Regent 
street  and  relocated,  beginning  at  the  new  location  of  Hyde  Park 
avenue  about  350  feet  north  of  where  it  passed  under  the  Midland 
division  and  running  westerly  60  feet  wide,  passing  over  the 
Providence  division  main  line,  the  /Midland  division  connection 
tracks  and  the  Dedham  branch  tracks,  then  turning  and  running 
southwesterly  50  feet  wide  to  the  old  junction  of  Milton  and 
Regent  streets. 

.  Sprague  street  was  relocated,  beginning  at  the  old  junction  of 
!Milton  and  Regent  streets  and  running  southwesterly  50  feet  wide, 
passing  above  the  Dedham  1iranch  and  the  Midland  division  to  its 
old  location. 

The  Midland  division  was  carried  over  Hyde  Park  aycnue  by  a 
stone  arch  of  78  feet  span  and  165  feet  length  and  a  clear  head  room 
at  the  center  of  15  feet.  Nine  tracks  were  carried  over  the  arch. 
The  foundation  was  of  piles,  driven  in  quicksand  and  cut  o&  about 
11^  feet  below  the  street  grade.  The  spring  of  the  arch  was  8 
inches  above  the  street  grade  and  9  feet  back  from  the  street  line, 
thus  giving  an  economical  distribution  of  masonry  with  a  maximum 
resistance  of  foundation.  The  ring  stones  were  2  feet  6  inches 
deep,  except  on  the  face,  where  they  were  made  deeper  for  better 
architectural  effect. 

The  upper  surface  of  the  arch  and  backing  was  water-proofed 
with  four  thicknesses  of  tarred  paper  thoroughly  mopped  with  tar 
and  covered  with  3  inches  of  tar  concrete.  Passing  on  a  skew 
through  the  southerly  haunch  of  the  arch,  there  were  constructed 
two  arched  stairway  openings,  8  feet  wide,  leading  up  to  platforms 
between  the  Midland  division  passenger  tracks.  Particular  care 
wa>  required  in  designing  the  groined  arch  stones  for  these  stair- 
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way  openings.  Fig.  13  shows  the  groined  key  at  one  of  the 
openings  being  set,  and  Fig.  14  gives  a  more  general  view  of 
the  opening  and  of  the  partially-constructed  arch.  The  westerly 
face  of  the  arch  was  constructed  at  an  angle  of  j'j''  52',  and  the 
easterly  face  at  an  angle  of  61°  with  the  axis  of  the  arch,  with 
necessary  spandrel  face  walls  capped  with  a  dressed  coping. 

Milton  street  was  carried  over  the  Providence  division  by  a 
two-span  plate  girder  bridge,  supported  upon  abutments  and  an 
intermediate  stone  pier.  The  easterly  span  was  96  feet  and  the 
westerly  one  104  feet.     The  easterly  and  part  of  the  westerly  spans 


Fig.   14.     Hyde  Park  Avenue  Arch,  under  Construction,  Re.'Vdville. 

were  on  a  grade  of  5  per  cent.,  the  rest  of  the  westerly  span  being 
level,  and  there  were  vertical  angles  in  the  girders  about  12  feet 
west  of  the  pier,  a  somewhat  unusual  construction.  The  abutments 
were  plumb  on  the  face,  the  wings  battered  \  inch  to  a  foot  and  con- 
structed at  an  angle  of  26°  34'  with  the  line  of  the  abutments.  The 
pier  was  battered  on  all  sides.  The  bridge  was  at  right  angles,  and 
the  masonry  was  typical  of  the  masonry  for  overhead  bridges. 

Sprague  street  w^as  carried  over  the  Dedham  branch  and  the 
Midland  division  by  two  spans  of  a  through  pin-connected  steel 
truss  bridge,  each  span  being  223  feet  long,  supported  upon  abut- 
ments and  a  middle  pier  similar  to  the  masonry  at  Milton  street, 
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but  on  a  skew  and  considerably  higher,  especially  the  pier,  which 
was  50  feet  high  from  the  bottom  of  the  foundation  to  the  top  of 
the  bridge  seat.  The  southerly  span  was  constructed  on  a  grade 
of  2^  per  cent.,  and  the  northerly  span  on  a  grade  of  5  per  cent. 

A  plate  girder  bridge  of  short  span  carried  Hyde  Park  avenue 
over  the  proposed  electric  track  connection  between  the  two 
divisions. 

The  street  approaches  to  these  overhead  bridges  were  on  high 
earth  embankments,  the  earth  being  brought  from  Sharon  on  cars, 
dumped  near  the  work  and  hauled  into  place  in  carts ;  and  they 
were  all  finished  with  granite  block  gutters  and  macadam  roadways. 
The  total  length  of  streets  resurfaced  at  Readville  was  5500  feet,  a 
little  over  one  mile. 

The  Midland  division  was  carried  over  the  Providence  division 
by  a  new  five-track  through  pin-connected  steel  truss  bridge  of 
129  feet  span,  with  necessary  masonry  abutments. 

A  new  large  two-story  brick  station,  with  necessary  covered 
platforms,  was  built  near  the  crossing  of  the  Midland  and  Provi- 
dence divisions,  the  lower  story  being  at  the  level  of  the  Providence 
division  main  tracks  and  the  upper  story  at  the  level  of  the  Mid- 
land division  tracks.  A  long  subway,  passing-  under  nine  tracks  on 
the  Providence  division,  was  constructed  with  abutments  of  rubble 
masonry  faced  with  enamel  brick,  with  necessary  stone  stairways 
leading  to  covered  platforms  between  the  passenger  tracks,  and 
with  a  covering  of  solid  steel  troughs.  Most  of  its  length,  the 
subway  was  built  on  a  grade  of  4.3  per  cent.,  and  at  the  lowest  place 
the  floor  was  about  5^  feet  below  the  ground  water  level.  To  make 
this  water-tight,  a  water-proofing  of  ten  thicknesses  of  thoroughly 
mopped  tar  paper,  protected  by  a  sufficient  thickness  of  concrete 
on  each  side,  was  carried  under  the  whole  subway  and  brought  up 
on  the  sides  and  ends  to  meet  the  water-proofing  put  on  top  to 
shed  rain  water,  etc.  To  make  doubly  sure  of  keeping  this  sub- 
way dry,  a  drain  was  laid  from  the  subway  to  an  18-inch  drain 
pipe  which  was  laid  down  to  the  Neponset  River. 

Large  and  convenient  station  grounds  on  both  sides  of  the 
Providence  division  were  graded  and  surfaced. 

The  Midland  division  was  raised  at  Hyde  Park  avenue  3  feet, 
and  depressed  at  Sprague  street  about  i|  feet,  it  being  changed  in 
grade  for  a  length  of  5000  feet.  Five  steel  tracks  were  laid  where 
the  grade  was  thus  changed.  On  the  Providence  division  main 
line,  two  additional  tracks  were  laid,  making  four  in  all,  from  a 
point  about  800  feet  north  of  the  Readville  station,  where  the  four 
tracks  at  that  time  terminated,  to  a  point  about  a  mile  south  of  it. 
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the  line  and  j:;;radc  roinainin<;  unchanged.  Two  new  passenger  con- 
nection tracks  were  laid  from  a  point  on  tlie  Providence  division 
about  1800  feet  north  of  the  Readville  station  to  a  point  on  the 
Midland  division  under  Sprague  street  bridge.  The  Dedhani 
branch  was  changed  in  alignment,  and  two  new  tracks  laid  so  as  to 
pass  under  the  new  Milton  street  and  Sprague  street  bridges.  The 
old  freight  yafd  on  the  Providence  division  was  abandoned  to  make 
way  for  the  new  passenger  tracks,  and  a  new  freight  yard  con- 
structed north  of  Regent  street.  Large  interlocking  towers,  one  on 
each  division,  were  constructed  for  the  safe  handling  of  switches, 
signals,  etc.  A  freight  connection  and  transfer  yard  between  the 
tw'o  divisions  w^ere  constructed  south  of  the  new  station. 

About  half-way  between  Readville  and  Hyde  Park  stations, 
the  new  street,  40  feet  wide,  was  constructed,  passing  over  the 
Providence  division  and  the  new  freight  yard  by  a  two-span  plate 
girder  bridge,  spanning  fourteen  tracks.  One  span  was  114  feet, 
and  the  other  94  feet.  The  masonry  was  similar  to  that  at  Milton 
street.  Approaches  to  this  bridge,  600  feet  long  on  the  easterly 
side  and  iioo  feet  long  on  the  westerly  side,  w^ere  constructed  with 
cobblestone  gutters  and  macadam  roadways.  A  brick  arch  of  20- 
foot  span,  with  stone  abutments,  was  constructed  under  the  westerly 
approach  to  allow  access  from  the  railroad  to  Mother  Brook.  The 
exposed  ends  of  this  arch  were  finished  with  granite  ring  stone  ancf 
spandrel  face  walls.  This  westerly  street  approach  was  carried 
over  Mother  Brook  by  a  plate  girder  bride  supported  upon  masonry 
abutments. 

About  24  acres  of  land  were  taken  or  purchased  in  connection 
with  the  abolition  of  the  grade  crossings  on  the  Dedham  and  West 
Roxbury  branches  and  at  Readville. 

The  final  estimates  of  work  done  by  the  contractors  on  this 
work  were  submitted  in  February  and  April  of  1899,  about  fifteen 
months  after  the  beginning  of  the  w'ork.  The  cost  of  this  work 
was  $2,020,894,  making  a  total  cost  for  abolishing  all  the  grade 
crossings  on  the  Providence  division  between  Boston  and  Ded- 
ham $6,062,408. 

All  the  work  on  the  West  Roxbury  and  Dedham  branches  and 
at  Readville  was  done  under  the  personal  supervision  of  Mr. 
George  R.  Hardy,  assistant  engineer  of  construction. 

The  chief  engineer,  during  the  entire  construction  of  the  work 
from  Boston  to  Dedham,  was  Mr.  F.  S.  Curtis,  who  is  now  the 
fourth  vice-president  of  the  railroad  companv. 
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THE  SEWERAC^E  OF  XEW  ORLEANS. 


By  W.  T.  Crotts,  Member  Louisiana  Engineering  Society. 


[Read  before  the  Society,  *] 

That  a  city  having  attained  the  proportions  of  a  metropolis 
should  be  entirely  without  one  of  the  most  necessary  accompani- 
ments of  sanitation  and  municipal  progress  in  this  progressive  age 
must  be  a  source  of  surprise  to  other  communities.  That  New 
Orleans  has  been  sadly  derelict  in  this  respect  is,  however,  only  too 
true,  and  the  causes  thereof  are  perhaps  not  hard  to  find.  ]^\Iuch  is 
doubtless  due  to  the  character  and  influence  of  its  earlier  citizens, 
reflecting  the  conservative  spirit  displayed  toward  many  municipal 
improvements,  and  some  to  the  cosmopolitan  character  of  our 
population ;  but  the  main  and  controlling  factor  was  the  deep-rooted 
conviction,  so  fondly  cherished  by  many  and  not  yet  thoroughly 
eradicated  from  the  minds  of  all,  that  the  successful  construction  of 
any  underground  structure,  extending  to  any  depth,  was  an  impos- 
sibility and  foredoomed  to  failure.  The  soil  was  so  much  worse 
and  the  conditions  so  entirely  different  from  those  of  any  other 
community  that  this  belief  came  to  be  with  many  a  matter  of  local 
pride,  and  could  not  be  relinquished  without  a  tinge  of  regret  and 
doubt. 

The  first  recorded  progressive  step  toward  sanitary  improve- 
ment came  in  the  form  of  a  suggestion  of  underground  sewers 
from  Dr.  Barton,  in  1850.  His  appeal,  however,  seemed  to  have 
awakened  no  response.  The  horrors  of  the  epidemics  of  1853 
aroused  the  citizens  apparently  to  the  absolute  necessity  of  effective 
measures  to  protect  them  from  a  recurrence  of  such  calamities  as 
had  visited  them  in  the  past,  finding  their  culmination  in  the  year 
just  closed.  A  sanitary  commission  was  appointed  to  consider  the 
adaptability  of  a  sewerage  system  to  the  conditions  existing  in  New 
Orleans,  and  the  inauguration  of  a  system  of  quarantine.  Quaran- 
tine was  established,  but  sewerage  was  again  relegated  to  oblivion 
until  the  breath  of  pestilence  once  more  swept  over  the  city  and  left 
its  inhabitants  prostrate  and  discouraged,  but  still  undaunted. 

After  the  yellow  fever  epidemic  of  1878  the  desire  for  proper 
sanitary  measures  became  stronger.  There  appeared,  however,  the 
great  obstacle  of  the  financial  inability  to  meet  the  obligations  neces- 
sary to  secure  the  desired  improvements,  and  the  question  of  under- 
taking and  operating  sewerage  and  drainage  by  private  capital  was 
agitated.     The  Legislature  passed  an  act  giving  to  municipalities 
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the  aiilhorily  tn  qraiit  the  necessary  franchises  ami  ri.^hts  to  cor- 
porations or  indivithials  to  undertake  these  finictions.  Under  the 
authority  of  this  act,  the  City  Council,  in  April,  1881,  after  much 
discussion  and  many  protests,  entered  into  a  contract  with  the  New- 
Orleans  Drainag;e  and  Sewerage  Company  for  the  performance  of 
certain  drainai^e  work  and  the  establishment  of  a  sewerage  system, 
the  compensation  for  the  latter  to  be  laid  upon  the  property  owners 
or  tenants  connected  therewith.  Under  the  terms  of  this  franchise, 
the  territory  from  Louisiana  avenue  to  Enghein  street  and  between 
the  river  and  Rampart  street  from  Enghein  street  and  Washington 
avenue,  and  the  river  and  Carondelet  street  from  Washington  to 
Louisiana  avenue,  was  to  be  sewered  within  five  years,  and  the 
system  thereafter  extended  into  other  portions  of  the  city. 

Under  this  grant  a  plan  was  drawn  up  embracing  a  circular 
sewer  6  feet  in  diameter,  lying  along  Rampart  street  from 
Esplanade  to  Washington  avenues,  at  an  average  depth  of  about  13 
feet  below  the  surface,  and  having  so  slight  a  fall  as  to  be  practically 
flat.  Into  this  main  sewer  were  to  enter  sewers  draining  the  terri- 
tory prescribed  in  the  contract.  At  or  near  the  corner  of  Esplanade 
avenue  and  Rampart  street  a  pumping  station  with  a  capacity  of 
30,000,000  gallons  in  twenty-four  hours  was  to  be  located,  discharg- 
ing the  sewage  into  the  river  near  the  foot  of  Esplanade  avenue  and 
at  a  safe  distance  from  the  shore.  Owing  to  dissensions  in  the 
company,  this  important  work  was  never  undertaken,  and  the 
opportunity  for  its  early  construction  was  lost. 

Again,  in  1892,  private  enterprise  sought  the  j^irivilege  of 
sewering  the  city,  and  on  March  22  of  that  year  the  City  Council 
passed  an  ordinance  granting  such  a  franchise,  which  w^as  trans- 
ferred to  a  corporation  organized  under  the  name  of  the  New 
Orleans  Sewerage  Company.  This  was  practically  a  renewal  of 
the  franchise  of  i88r,  excepting  that  the  limits  were  extended  in 
the  rear  to  Claiborne  street  between  Lafayette  avenue  and  the  New 
Navigation  Canal.  As  usual  with  enterprises  of  this  magnitude 
and  importance,  many  plans  and  ideas  were  suggested  for  the 
proper  solution  of  the  problem  confronting  the  company,  and  a 
brief  reference  to  a  few  of  these  may  not  be  without  interest. 

First,  by  request,  there  was  submitted  a  design  for  the  sewer- 
age of  this  area  by  what  is  commonly  designated  the  Shone  system. 
As  is  doubtless  well  known  to  all,  this  involves  no  departure  from 
ordinarv  practice  in  sewerage  design,  so  far  as  local  collection  of 
sewage  is  concerned.  The  territory  is  divided  into  smaller  local 
drainage  areas,  each  with  a  central  well  or  ejector  station,  in  which 
the  sewage  collects,  and  from  which  it  is  automatically  discharged 
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through  force  mains  into  its  outlet  by  compressed  air.  This  plan, 
while  presenting  considerable  economy  of  first  cost  as  applied  to  the 
five-year  limit,  when  extended  throughout  the  entire  city  failed  to 
maintain  this  advantage.  This  fact,  taken  in  connection  with  the 
great  amount  of  perishable  material  and  the  increased  cost  of 
operation,  resulted  in  the  ultimate  rejection  of  the  plan. 

What  may  be  termed  the  siphon  scheme  was  also  presented 
and  seriously  urged  for  adoption.  This  plan  involved  the  collec- 
tion of  the  sewage  in  local  wells,  and  its  transportation  from  them 
to  a  central  pumping  station  through  iron  siphons  of  suitable  size, 
laid  upon  a  hydraulic  grade  of  i  :  500,  the  final  receiving  well  being 
some  40  feet  in  depth.  The  numerous  obstacles  to  its  safe  and  cer- 
tain operation,  in  connection  with  the  many  complications  that 
would  arise  in  the  extension  of  this  plan  beyond  the  five-year  limit, 
were  insuperable  obstacles  to  its  consideration. 

A  modification  of  the  siphon  plan  consisted  in  the  laying  of  a 
steel  pipe  of  suitable  size  below  the  bottom  of  the  lowest  sewer. 
The  sewage  was  to  be  collected  into  local  wells  and  delivered  into 
this  steel  pipe  through  air-tight  gates  or  valves.  This  main  was 
equivalent  to  a  large  and  lengthy  suction  pipe,  with  numerous 
branches  extending  to  the  various  local  wells,  and  presented  the 
same  serious  objections  as  the  siphon  project. 

Nor  must  we  omit,  in  passing,  the  scheme  whereby  the  sewage, 
after  collection,  was  to  be  discharged  into  the  Mississippi  River  at  a 
velocity  of  1500  feet  a  second.  No  plan,  however,  was  presented 
for  the  protection  of  the  shipping  in  the  harbor  in  the  event  that  any 
vessel  should  be  so  unfortunate  as  to  get  within  range  of  this  dis- 
charge. 

In  the  plan  finally  adopted  the  sewage  was  gathered  into  a 
main  sewer  in  the  rear  and  delivered  to  a  pumping  station  located 
on  the  site  of  the  old  Parish  Prison,  at  the  corner  of  Marais  and 
Orleans  streets,  with  an  outlet  into  the  river  at  the  foot  of 
Esplanade  avenue.  This  main  sewer,  while  designed  sufficiently 
large  to  handle  all  the  sewage  up  to  and  including  Carrollton, 
would  still,  for  many  years  to  come,  have  but  a  small  proportion  of 
its  ultimate  flow  to  care  for,  and  was  therefore  made  oval  in  shape. 
The  system  was  to  have  been  mainly  flushed  from  a  surrounding 
flushing  main,  and  from  such  flush  tanks  as  were  necessary  where 
the  flush  main  was  not  available.  Under  this  plan,  after  much 
delay  and  many  discouragements,  work  was  finally  started.  Thirty- 
six  hundred  feet  of  main  sewer  and  several  miles  of  pipe  sewers 
were  constructed  before  financial  disaster  overtook  the  enterprise, 
and  the  prospect  of  immediate  sewerage  again  vanished.     But  the 


THE  SEWERAGE  OF  NEW  ORLEANS. 


193 


leaven  was  workint^,  ami.  wiih  the  growing  sentiment  in  favor  of 
sewerage,  the  demand  that  this  and  other  pubhc  improvements 
should  be  under  municipal  control  also  increased.  Then  began  that 
magnificent  popular  movement,  which  is  recent  history,  and  which 
resulted  in  the  means  being  devised  whereby  the  city  could  con- 
struct and  operate  its  own  public  works.  Under  the  legislation 
resulting  from  this  movement,  sewerage  plans  have  been  formu- 
lated, and  it  is  of  these  that  this  paper  treats  to-night. 
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Fig.  I. 

In  the  design  of  the  sewerage  system  for  this  city  no  startling 
or  novel  departures  have  been  employed  or  attempted.  Well-known 
and  accepted  principles,  such  as  have  stood  the  test  of  years  of 
practical  use  and  operation,  have  been  the  basis,  the  interests  at 
issue  and  the  amounts  involved  being  too  large  to  trust  to  untried 
methods,  however  correct  and  adaptable  in  theory. 

AREA  COVERED. 

The  act  creating  the  Sewerage  and  Water  Board  provides  that 
contracts  for  construction  should  be  so  let  as  to  cover  the  whole 
city  at  the  same  time,  further  defining  the  whole  city  to  mean  that 
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inhabited  portion  now  divided  into  squares  and  lots,  where  the 
streets  are  open  and  in  use  as  such,  or  whenever  hereafter  opened 
and  in  use.  The  plans  as  drawn,  therefore,  had  in  view  the 
immediate  sewerage  of  the  built-up  portions  of  the  city,  with  exten- 
sions of  the  system  to  meet  future  growth.  They  embrace  all  the 
territory  from  the  upper  Protection  levee  to  the  Barracks,  and 
from  the  river  back  to  Metaric  road,  Gentilly  road,  Marigny 
avenue  and  Florida  walk,  and  also  Algiers,  an  area  of  22.9  square 
miles.  These  plans  embrace  some  900  miles  of  sewers,  of  which 
about  400  miles  are  for  immediate  construction.     In   Fig.  1  the 

TABLE  I. 

POPULATIOX     PER     AcRE     IX      ArEAS     OF     GREATEST     DENSITY     IN 

Various  Wards. 


5  Persons  per 

As  Shown  by  Census. 

Area 

No.  of 

Premises 

Premise.          : 

Ward. 

Total 

Populat'n 

Acres. 

Premises. 

per  Acre. 

Populat'ti  Populat'n 

per.Prem- 

Total 

Populat'n 

al  ,s  per    per  Acre. 

ise,  whole 

Populat'ti. 

per  Acre. 

Premise. 

Ward. 

I 

51.0 

622 



12.2 

3IIO 

61.0 

4.72 

2936 

57-5 

2 

112.0 

lOSQ 

9-4 

5295 

47-3 

5-40 

5718 

51.0 

3 

63.0 

892 

14.2 

4460 

70.9 

4.46 

3978 

63.1 

4 

63.0 

757 

12.0 

3785 

60.0 

3-96 

2998 

47.6 

5 

930 

1258 

13-5 

6290 

67.6 

5-52 

6944 

74.6 

6 

84.0 

961 

11.4 

4805 

57-2 

5.29 

5084 

60.5 

7 

63.0 

881 

14.0 

4405 

70.0 

5-13 

4519 

717 

8 

59-5 

896 

15.0 

4480 

75-3 

4.71 

4220 

71.0 

9 

22.5 

309 

13-7 

1545 

68.7 

6.14 

1897 

84.1 

10 

131-5 

1644 

12.5 

8220 

62.5 

4.64 

7628 

58.0 

11 

116. 0 

1400 

12. 1 

7000 

60.3 

4.71 

6594 

56.9 

12 

193-5 

1556 

8.0 

7780 

40.2 

5-13 

7982 

41.9 

i.^ 

68.0 

628 

9.2 

3140 

46.2 

5-39 

3384 

49.8 

14 

45-0 

201 

4-5 

1005 

22.3 

6.51 

1308 

29.2 

15 

48.0 

368 

7-7 

1840 

38.3 

6.67 

2454 

511 

16 

20.0 

102 

5-1 

510 

25-5 

5.66 

577 

28.8 

17 

42.5 

234 

5-5 

1 1 70 

27-5 

I     5.55 

1299 

30-5 

area  between  the  hatched  line  and  the  river  represents  the  present 
inhabited  area,  which  is  to  be  sewered  immediately,  and  which 
covers  13.8  square  miles;  while  that  portion  in  the  rear  is  not  yet 
built  up.  but  must  be  provided  for  in  the  general  plan. 

POPULATION. 

After  fixing  the  territory  to  be  covered  in  the  plan  the  next 
most  necessary  and  essential  factor  was  the  determination  of  the 
population,  both  that  existing  at  present  and  that  to  be  provided  for 
in  the  future;  also  the  disposition  and  varying  densities  of  such 
population  in  different  portions  of  the  city.  A  decade  having 
elapsed  since  the  last  government  census,  it  became  necessary  to 
turn  to  other  sources  of  information.     A  count  of  all  the  premises 
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within  the  inhabited  area  was  made  from  the  insurance  maps, 
showing'  a  total  of  56,423  within  this  territory.  Assigning  five 
persons  to  each,  this  gave  an  existing  population  of  282,115.  The 
government  census,  taken  the  following  month  and  promulgated 
some  time  thereafter,  gave  to  the  entire  city  a  population  of 
287,104,  or  5000  in  excess  of  that  which  we  estimated.  The 
government  census,  however,  covered  the  entire  parish,  including 
West  End,  ^lilneburg,  etc.,  and  the  scattered  houses  outside  the 
limits  computed  by  us,  and  which  would  easily  cover  this  difference. 
This  estimate  of  282,113  gave  an  average  of  31.9  persons  to  each 

TABLE  n. 

Reduction  of  Flow  to  Cubic  Feet  per  Second  per  Acre.    To 
Apply  only  to  Areas  under  200  Acres. 


House  Drainage  per  Acrk. 

Ground 

Total  Acres 

Kstiniated 

Water 

.Area. 

in  Area. 

Population 
per  Acre. 

Gallons  in 

Cubic  Feet    c„bic  Feet 

Cubic  Feet 
per  Second 

12  Hours. 

12  Hours    per  Second. 

per  Acre. 

A 

642 

50 

4000 

533-3           -012 

.003 

B 

1618 

55 

4400 

586.7              .014 

.003 

C 

869 

60 

4800 

640.0               015 

.003 

D 

500 

80 

6400 

853.3              -020 

.003 

Di 

561 

115 

9200 

1226.7              .028 

.003 

E 

515 

80 

6400 

853-3              -020 

.003 

F 

432 

70 

5600 

746.7              -017 

.003 

C. 

479 

70 

5600 

746.7              -017 

.003 

II 

323 

70 

5600 

747-7            -017 

.003 

I 

437 

70 

5600 

746.7            -017 

.003 

1 

532 

70 

5600 

746.7             017 

.003 

k 

834 

50 

4000 

533-3           -012 

.003 

L 

519 

50 

4000 

533-3           -012 

.003 

-M 

200 

50 

4000 

533-3           -012 

.003 

.\ 

378 
8830 

50 

4000 

533-3           -012 

.003 

0 

5744 

50 

4000 

533-3            012 

.003 

Total 
Cubic  Feet 
per  Second 
per  Acre. 


.015 
.017 
.018 
.023 
.031 
.023 
.020 
.020 
.020 
.020 
.020 
.015 
.015 
.015 
.015 


.015 


acre  in  the  inhabited  portions  of  the  city,  varying  from  8.9  per  acre 
in  the  sparsely  built  sections  to  58.3  per  acre  in  the  older  portions 
of  the  city  immediately  below  Canal  street.  Taking  the  number  of 
premises  in  each  ward  by  actual  count  and  the  population  as  given 
by  the  census,  it  was  found  that  the  number  of  persons  to  each 
premise  varied  from  3.96  each  in  the  Fourth  Ward  to  6.67  each  in 
the  Fifteenth  Ward.  With  these  figures  upon  which  to  base  an 
estimate,  the  greatest  density  of  population  in  each  ward  over  a 
limited  area  was  found  to  vary  from  28.8  per  acre  in  the  Sixteenth 
Ward  to  84.1  per  acre  in  the  Ninth  Ward,  as  shown  in  Table  I. 

Having  ascertained  the  present  population,  and  taking  into 
consideration  the  probable  direction  and  density  of  future  growth, 
the  next  problem  was  the  determination  of  the  future  population 
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which  must  be  dealt  with,  and  for  which  sewerage  facilities  must 
be  provided.  After  a  careful  consideration  the  city  was  divided 
into  a  number  of  areas,  and  a  density  of  population  assigned  to 
each  as  a  basis  upon  which  to  base  the  estimate  of  flow.  These 
estimates  of  future  population  are  shown  in  Table  II,  varying  from 
■50  per  acre  in  the  residential  sections  to  115  per  acre  in  the  more 
thickly  built-up  portions,  giving,  upon  this  basis,  an  ultimate  popu- 
lation of  856.000  within  the  area  covered  by  present  plans.  With 
an  annual  increase  of  20  per  cent.,  this  population  would  be  reached 
in  i960. 

TABLE  III. 

Number  of  Acres  Drained  in  Each  "Population  Area"  by  Pipe  Sewers 
Laid  on  Minimum  Grade  Employed  in  Plan. 

8"-i8"  inclusive  to  run  half  full n  =  .on. 

2i"-24."        "  "        .7        "   n  —  .012. 

27"  and  over     "       .7        "  11  =  .013. 


Size.      G 

rade. 
300 

1 

POPULATION  AREA. 

A. 

B. 

C. 

D. 

Di. 

E. 

F-J. 

K-O. 

S''           I 

!   25 

22 

21 

16 

12 

16 

19 

25 

10      I 

400   ' 

40 

35 

33 

26 

19 

26 

30 

40 

12       I 

475 

61 

54 

51 

40 

30 

40 

46 

61 

15       I 

600 

101 

89 

«5 

66 

50 

66 

76 

lOI 

18       I 

750   1 

151 

^33 

126 

100 

71 

100 

"3 

151 

21        I 

875   1 

I  310 

270 

260 

200 

150 

200 

230 

310 

24       I 

1000 

1  410 

360 

345 

270 

200 

270 

310 

410 

27       I 

1000 

515 

460 

430 

335 

250 

335 

3«5 

515 

30       I 

IIOO 

650 

575 

545 

425 

3'5 

425 

490 

650 

33             I 

1200 

810 

720 

680 

530 

395 

530 

610 

810 

36     I 

1200   1 

1 030 

910 

860 

670 

500 

670 

770 

1030 

AMOUNT  OF  SEWAGE. 

The  estimated  amount  of  sewage  to  be  provided  for  is  derived 
from  two  sources, — namely,  house  sewage  and  ground  water.  The 
house  sewage  is  based  upon  an  estimated  consumption  of  80  gallons 
of  water  per  capita  in  each  twenty-four  hours,  with  a  maximum 
flow  at  the  rate  of  160  gallons  in  twenty-four  hours.  The  ground- 
water flow  was  estimated  at  one-third  of  the  annual  rainfall,  or 
1,000,000  gallons  per  square  mile  in  twenty-four  hours.  In  the 
calculations  used,  however,  this  flow  was  taken  at  0.003  cubic  feet 
per  second  per  acre,  which  would  give  a  run-off  equal  to  1,250,000 
gallons  per  square  mile  in  twenty-four  hours.  In  order  to  verify 
this  factor  permission  was  obtanied  from  the  sewerage  company 
to  pump  out  the  sewers  constructed  several  years  ago  and  measure 
this  flow.  While  this  investigation  did  not  continue  through  so 
long  a  period  as  could  have  been  desired,  it  was  sufficient  to  demon- 
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Strata  the  fact  that  this  estimated  flow  was  very  close  to  that 
actually  obtained,  being  the  more  valuable  in  that  it  extended 
through  several  rains. 

Having  then  determined  the  population  per  acre,  the  sewage 
per  capita  and  the  amount  of  ground  water,  there  remained  to  com- 
bine and  tabulate  these  factors  and  reduce  them  to  a  convenient 
form  for  the  rapid  determination  of  the  size  of  sewer  required  for 
different  areas.  Table  II  shows  the  manner  in  which  the  run-off 
per  second  per  acre  from  each  area  was  reached,  and  Table  III 
shows  the  number  of  acres  in  each  of  the  various  sections  of  the 
city  that  are  served  by  different-sized  sewers. 

This  maximum  run-oft'  per  acre,  as  given  in  Table  II,  is 
intended  to  apply  only  to  areas  under  200  acres.  As  the  area 
increases  the  tendency  to  a  more  uniform  flow  becomes  more 
marked.  It  is  evident  also  that,  from  sections  contiguous  to  the 
point  of  final  disposal,  the  sewage  will  have  been  discharged  before 
that  from  the  more  remote  portions  of  the  system  reaches  this 
territory.  For  all  areas  over  2000  acres  it  was  decided  to  propor- 
tion the  sewers  for  a  daily  discharge  equivalent  to  a  per  capita  con- 
sumption of  100  gallons,  including  ground  water;  and  that  for 
mains  and  sub-mains  between  these  limits  (200  and  2000  acres) 
they  were  to  be  proportioned  for  a  gradually  decreasing  run-oft'  as 
the  area  increased.  Fig.  2  is  a  set  of  curves  showing  the  estimated 
run-off  in  the  various  sections  of  the  city  between  these  limits. 
Table  IV  shows  the  method  of  determining  the  flow  and  size  of 
main  sewers. 

SIZE,    SHAPE,    ETC. 

The  unit  of  the  system  is  a  pipe  of  8  inches  internal  diameter, 
and  constitutes  about  87  per  cent,  of  the  total  mileage  of  the  system 
as  designed.  Increasing  in  size  as  the  flow  increases,  the  largest 
main  finally  attains  a  diameter  of  6  feet  for  some  distance  before  it 
reaches  the  pumping  station.  Sewers  up  to  and  including  24 
inches  are  to  be  of  vitrified  stoneware  pipe,  and  those  above  that 
size  are  to  be  of  brick.  All  sewers  are  circular,  the  brick  sewers 
having  a  rectangular  base  resting  upon  a  plank  foundation.  As 
the  sewers  to  be  built  at  once  serve  practically  the  whole  territory 
for  which  they  are  designed,  and,  while  not  receiving  their  ultimate 
amount  of  sewage,  will  still  have  a  good  initial  flow,  it  was  decided 
to  make  them  circular  from  the  point  of  view  of  both  strength  and 
economy.     The    standard    design    of    brick    sewers    is    shown    in 

Fig-  3- 

All  sewers  up  to  and  including  18  inches  are  designed  to  run 
half  full.     Above  18  inches,  thev  are  designed  to  run  0.7  full,  the 
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]ar£::cr  area  served  iiisuriny-  a  iiiore  nearly  constant  and  uniform 
discharge. 

DEPTHS    OF    SEWF.RS. 

before  cnterini;-  upon  tlic  desiq-n  of  the  sewerage  system, 
several  factors  had  to  he  considered  and  determined.  Foremost 
among"  these  was  the  quesiiou  of  liniiiiug  depths  of  sewers.  A 
certain  initial  depth  was  necessary,  not  only  to  cnahle  house  connec- 
tions to  he  laiil  with  proper  grade  and  alignment,  hut  to  avoid 
ohstructions   where   the   struggle   has   heen    with   all    umlerground 
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Fig.  3. 


structures  to  keep  as  near  the  surface  as  possible.  On  the  other 
hand,  the  peculiar  character  of  the  soil,  saturated  and  plastic,  where 
the  deeper  excavations  threatened  damage  to  streets,  curbs  and 
buildings,  where  every  foot  of  depth  meant  a  rapidly  increasing 
cost,  and  yet  a  too  shallow  depth  meant  a  too  rapidly  increasing 
number  of  dead  ends  and  the  consequent  first  cost  and  annual 
expense  of  innumerable  flush  tanks,  the  question  of  maximum 
depth  assumed  a  position  of  prime  importance.  After  carefully 
weighing  the  matter  it  was  decided  to  adopt  a  minimum  depth  of 
5  feet  and  a  maximum  depth  for  laterals  of  9  feet  and  of  sub-mams 
of  16  feet.  For  reasons  of  economy  and  efificiency,  these  limiting 
depths  were  not  applied  to  main  sewers. 
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GRADES   AND   VELOCITIES. 

Where  natural  conditions  contribute  so  little  to  grades,  and 
where  fall  must  be  created  by  increased  depths  and  expense,  the 
question  of  minimum  grades  becomes  of  the  utmost  importance, 
and  when  a  system  of  grades  has  been  once  established  it  must  be 
rigorously  adhered  to.  Economy  of  construction  through  economy 
of  depth  requires  that  the  sewers  be  laid  at  the  smallest  possible 
inclination  that  will  insure  their  efficiency  and  operation.  Assum- 
ing the  value  of  n,  in  the  Kutter  formula,  as  o.oii  for  pipe  sewers 
and  0.013  for  brick  sewers  (because  it  is  believed  that  these  values 
can  be  secured  by  proper  and  careful  construction),  and  the  initial 
velocity  of  2  feet  per  second,  the  conclusion  was  reached  that  a 
slope  of  I  in  300  could  be  safely  adopted  for  an  8-inch  sewer,  and 
the  bulk  of  the  system  is  designed  to  that  grade. 

Along  with  the  disadvantages  under  which  we  labor,  there  are, 
however,  some  compensating  features.  In  sewer  design  the  usual 
experience  is  to  have  the  steep  grades  and  high  velocities  in  the 
higher  and  smaller  portions  of  the  system,  and  the  flat  grades  and 
slow  velocities  in  the  lower  and  larger  portions,  a  condition  leading 
to  the  formation  of  eddies  and  deposits  from  the  sudden  checking 
of  the  flow.  Here,  where  grades  and  velocities  are  to  be  deter- 
mined and  established, — not  by  topography,  but  by  calculation, — 
there  is  presented  the  possibility  of  ideal  conditions  in  this  respect. 
Starting  with  the  initial  velocity  of  2  feet  per  second  in  the  laterals, 
the  velocity  is  gradually  accelerated,  increasing  with  the  size  of  the 
sewer  until  it  reaches  3.66  feet  per  second  in  the  largest  main. 
This  point  has  been  kept  carefully  in  view  throughout  the  entire 
design,  and  few  if  any  instances  will  be  found  where  there  is  any 
departure  from  it.  Any  material,  therefore,  which  is  capable  of 
transportation  in  the  smaller  sewers  will  be  pushed  steadily  along 
until  it  reaches  the  sand  pit  at  the  pumping  station  without  being 
permitted  to  stop  and  form  obstructions  along  its  course. 

In  this  connection  it  may  not  be  uninteresting  to  trace  the 
route  and  the  time  required  for  the  transportation  of  sewage  from 
the  more  remote  portions  of  the  city  to  the  outfall.  The  longest 
distance  to  be  traversed  is  from  the  corner  of  St.  Charles  and  Car- 
rollton  avenues.  Starting  at  this  point,  the  sewage  enters  the  sub- 
main  at  Hampson  and  Dante,  travels  along  Dante  to  Cohn,  Cohn 
to  Lowerline,  where  it  encounters  the  first  pumping  station  and  is 
lifted  7  feet ;  continuing  thence  along  Cohn  to  Broadway,  Broad- 
way to  Plum,  across  to  Clara  and  it  passes  down  Clara  to  Marengo, 
where  it  is  once  more  picked  up  7  feet  by  a  second  pumping  station ; 
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and  continues  along  Clara  to  Gravicr,  Gravicr  to  Dcrbii^ny  and 
Derbigny  to  the  main  pumping  station,  having  occupied  in  its  sub- 
terranean journey  three  hours  and  ten  minutes  and  traveled  6.4 
miles  at  an  average  speed  of  2.96  feet  per  second.  It  is  not  allowed 
to  tarry  here,  however,  but  is  immediately  picked  up  by  powerful 
pumps  and  forced  into  an  iron  main,  from  which  it  emerges  twenty- 
one  minutes  later  into  the  Mississippi  River,  three  hours  and  thirty- 
one  minutes  after  starting  on  its  trip  of  7.81  miles. 

FLUSHING. 

Recognizing  the  importance  and  necessity  of  flushing,  pro- 
vision has  been  made  to  flush  every  block  of  sewer.  For  daily 
flushing,  reliance  is  placed  in  automatic  flush  tanks,  located  at  the 
head  of  each  sewer  and  discharging  about  300  gallons  in  each 
twenty-four  hours.  This,  however,  must  be  supplemented  by  such 
hand  flushing  as  may  be  necessary  to  keep  the  system  in  good 
order.  This  will  be  accomplished,  first,  by  introducing,  into  each 
flush  tank  and  at  intervals  into  manholes  along  the  laterals,  a 
2-inch  pipe,  which  is  connected  directly  with  the  water  main  and 
which  can  be  opened  full  and  allowed  to  run  as  long  as  desired. 
In  the  manholes  on  the  larger  pipe  at  intervals  will  be  l)uilt  simple 
devices  which,  when  closed,  will  retain  the  sewage  until  a  sufficient 
amount  has  collected  to  form  an  effective  flush,  when  it  will  be 
released.  In  the  main  sewer  flushing  gates  will  be  built  at  suitable 
distances  apart,  and  a  connection  will  also  be  made  with  the  Naviga- 
tion Canal,  furnishing  abundance  of  water  for  that  purpose. 

COLLECTION    OF    SEWAGE. 

The  alignment  of  the  sewers  and  the  topography  of  the  city 
are  so  closely  related  that  both  will  be  considered  under  one  head. 
From  Esplanade  avenue  to  the  upper  Protection  levee,  the  city  is 
practically  built  on  radial  lines,  diverging  toward  the  river  with  the 
hub  far  in  the  rear.  Relow  Esplanade  avenue  there  is  a  straight 
reach  of  river  to  the  lower  city  line,  the  streets  being  laid  ofl'  parallel 
and  at  right  angles.  11ie  highest  portion  of  the  city  is  next  to  the 
river,  sloping  back,  with  a  fall  of  as  much  as  15  feet  in  some  cases 
to  the  rear,  where  a  vast  flat  and  level  area  stretches  out. 

In  studying  general  methods  of  alignment  for  the  collection  of 
sewage,  consideration  was  neces.sarily  given  to  the  several  factors 
which  would  affect  the  final  decision  on  this  point.  Due  weight 
must  be  given  to  maintaining  proper  dei)ths  of  sewers  ;  the  number 
of  flush  tanks  must  be  kept  down  to  a  minimum,  and  full  benefit 
received  from  those  constructed  ;  consideration  has  to  be  paid  to 
16 
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all  existing-  structures,  both  above  and  below  ground,  to  avoid  con- 
flict with  thcni.  and  economy  of  construction  and  operation  were 
quantities   not   to   l)e   disregarded.     The    fundamental   basis   upon 


Fig.  4. 

which  the  method  for  the  lateral  collection  of  sewage  is  based,  and 
the  dominant  feature  of  the  whole  design,  may  be  termed  the  rapid 
concentration  of  flow.  Contrary  to  usual  practice,  the  designing  of 
the  system  starts  at  the  head  and  works  down,  the  use  of  minimum 
grades   dictating  this  procedure.     Selecting,   at   the   head  of  the 
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sewer,  two  points  as  widely  separated  as  is  possible  without  ulti- 
mately exceeding  the  specified  depth  or  making  too  long  a  distance 
for  riush,  each  sewer  is  run  alternately  one  block  parallel  with  the 
river  and  one  at  right  angles  thereto,  or  zigzag,  until  a  junction  is 
ertectod  with  a  sub-main  or  main,     in  this  design  much  attention  is 


Feet 


Meiers 


Fig.  5. 

given  to  provision  for  enabling  the  flushing  water  to  traverse  the 
entire  length  of  sewer,  from  the  tank  at  its  head,  without  the  use  of 
an  excessive  number  of  such  structures.  In  the  method  of  align- 
ment adopted  this  is  accomplished  by  constructing  the  manholes 
for  the  maintenance  of  distinct  flow.  Figs.  4  and  5  show  two 
designs,  in  the  first  of  which  the  sewers  change  their  direction  in 
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passing  through  the  manhole,  and  in  the  second  of  which  they  pass 
through  on  a  straiglit  Hue.  By  this  method  the  discharge  from  the 
flush  tank  remains  in  its  individual  line  of  sewer  until  it  is  emptied 
into  the  sub-main. 

In  the  upper  ends  of  the  system,  especially  in  that  portion  near 
the  river  front,  all  possible  advantage  is  taken  of  such  natural  fall 
as  exists  to  rapidly  concentrate  the  sewage  into  sub-mains,  when 
the  smaller  inclination  of  the  large  sewer  serves  to  keep  it  more 
nearly  parallel  with  the  surface.  In  some  cases  two  or  more  of 
these  sub-mains  unite  into  a  still  larger  one  before  reaching  the 
main  sewer.  By  thus  taking  advantage  of  such  slight  surface 
slope  as  nature  has  kindly  granted  us,  and  this  rapid  concentration 
of  the  flow,  the  sewage  is  delivered  to  the  main  at  a  depth  of  from 
lo  to  13  feet,  through  a  distance  in  some  cases  of  as  much  as  9000 
feet,  without  an  intervening  lift  or  pumping  station.  Different 
sections  of  the  city  naturally  require  different  arrangements  of  the 
sub-mains  without  any  departure  from  the  general  method  of 
alignment  and  collection  as  outlined. 

LATERAL    TRANSPORTATION    OF    SEWAGE. 

After  the  sewage  has  been  collected  into  the  sub-mains  cc-mes 
the  question  of  its  transportation  to  the  main  pumping  stations  or 
point  of  final  disposal. 

The  peculiar  contour  of  the  city,  extending  for  a  great  dis- 
tance parallel  with  the  river  and  of  comparatively  shallow  depth, 
combined  with  the  necessity  for  the  discharge  of  the  sewage  below 
the  central  portion  of  the  city  and  the  distance  it  has  to  be  trans- 
ported from  the  upper  sections,  made  this  problem  one  of  great 
importance,  Snd  the  one  that  has  given  rise  to  the  various  projects 
which  have  been  advanced.  After  a  thorough  and  exhaustive  con- 
sideration of  the  question  in  all  its  phases,  the  gravity  main  in  the 
rear  was  selected  as  the  most  durable,  efficient,  certain  and  economi- 
cal of  operation.  From  the  upper  Protection  levee  to  the  Barracks 
stretches  a  line  of  sewers,  distant  in  some  cases  9000  feet  from  the 
river,  containing  in  its  course  two  main  and  two  smaller  pumping 
stations.  Into  this  sewer  discharges  by  gravity  all  the  sewage 
between  it  and  the  river,  and  for  some  distance  in  the  rear.  Reach- 
ing from  this  main  into  the  rear  are  other  mains  for  the  transporta- 
tion of  the  sewage  from  those  sections  to  the  front  main  or  pumping 
station  direct.  Through  this  main  sewer,  with  never-ceasing  flow, 
wil)  run  the  sewage  of  the  city  to  the  point  of  final  disposal,  un- 
hindered by  the  breakage  of  complicated  machinery  or  the  failure 
of  perishable  material. 
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The  trout  main  was  located  as  far  in  the  rear  as  ciitcriii'L^  sub- 
mains  wouhl  jx-rmit.  hccauso  of  the  q;reater  area  trihutarv  to  it  hv 
gravity.  In  the  larj^^e  njjtoun  main  also  the  farther  in  the  rear  the 
shcrrer  will  he  the  len,i;th  to  he  hnilt.  the  less  the  depth  of  sewer  due 
to  the  lower  elevation  of  the  qrijund  and  the  less  disturbance  to 
traffic  and  damaiLje  to  streets,  curbs  and  ])ro|)ert\  in  the  unbuilt 
secti<jns. 

I'OIXT    Ol"    DISI'OSAI,. 

The  sewaiL^e  liaNiny  been  collected  and  transported  to  the 
pumping  station,  the  point  of  its  disposal  must  next  be  considered. 
A  point  must  be  selected  where  the  sewage  will  not  be  caught  up 
by  returning  eddies  and  carried  ujistream  along  the  city's  front.  It 
must  not  lodge  upon  tlie  shore  below,  or  be  of  such  (juantity  as  to 
be  ofifensive'  or  dangerous  in  anv  wa\'. 

Taking  uj)  the  latter  point  first,  we  find  that  few  cities  are  so 
fortunately  situated  in  this  respect  as  Xew  Orleans.  With  the 
waters  of  almost  a  continent  sweeping  by  its  front  toward  the  Gulf, 
and  no  cities  below  dependent  upon  this  stream  for  their  water 
supply,  the  river  presents  itself  at  once  as  the  safest,  surest  and 
speediest  point  of  disposal.  Assuming  that  a  flow  of  4  cubic  feet 
per  second  for  each  1000  of  the  population  is  necessary  to  sufficiently 
dilute  the  sewage  as  to  render  it  inoffensive,  the  low  water  flow  of 
the  Mississippi  River,  based  upon  a  discharge  of  200,000  cubic  feet 
per  second,  would  suffice  for  the  disposal  of  the  sewage  of  a 
population  of  50,000.000  without  becoming  offensive  if  uniformly 
mixed.  At  low  water  there  passes  each  minute  of  the  day  a  volume 
of  water  equal  to  twice  the  amount  of  sewage  that  will  be  dis- 
charged into  the  river  at  present  in  twenty-four  hours.  Looking  at 
it  still  further,  when  the  population  has  reached  the  1.000,000 
mark,  with  a  daily  discharge  of  150,000.000  gallons  of  sewage,  sup- 
posing the  sewage  to  be  i  part  solid  and  99  parts  water,  there  would 
be  I  part  solid  to  86,000  parts  water,  a  not  very  alarming  propor- 
tion. 

Taking  for  granted,  therefore,  that  the  sewage  will  be  so 
amply  diluted  as  to  be  neither  dangerous  nor  offensive,  attention  is 
next  directed  to  the  other  points, — namely,  a  discharge  at  a  point 
where  it  will  be  borne  downstream  and  away  from  the  city.  To 
studv  this  question  satisfactorily  and  avoid  the  danger  of  anv  error, 
float  'observations  were  made  in  order  to  determine  the  lower  end 
of  the  eddy  and  select  a  point  whence  the  current  does  not  inipiTige 
upcn  the  bank,  the  proposed  discharge  beitig  well  out  into  the 
stream  and  at  considerable  depth  below  low  water.  Floats  were 
starred  at  various  distances  from  the  shore,  and  their  course  was 
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followed  to  the  lower  limits  of  the  city.  These  observations  indi- 
cated the  foot  of  Spain  street  as  the  hig"hest  point  where  the  sewage 
would  be  neither  carried  upstream  nor  into  the  bank  and  under  the 
wharves  below.  We  can  assure  ourselves  that,  when  the  sewage 
has  entered  the  river,  no  further  trace  of  it  will  be  discoverable. 


VENTILATION. 

The  lungs  of  a  sewer  are  a  very  important  part  of  its  construc- 
tion, for  without  ventilation  a  sewer  cannot  be  maintained  in  a 
proper  and  sanitary  condition.  Tt  is  usual  to  supplement  other 
means  of  ventilation  by  openings  in  the  manhole  covers.  We  can- 
not, however,  avail  ourselves  of  this  method  in  the  system  under 
consideration.  The  large  extent  of  unpaved  streets  would  admit 
large  quantities  of  dirt,  requiring  constant  attention  to  keep  the 
receptacles  cleaned  and  the  dirt  from  entering  the  sewers.  The 
controlling  reason,  however,  is  the  flooding  of  streets,  which  occurs 
with  each  hard  shower.  Each  flooding  over  manholes  would  pour 
into  the  sewers,  through  these  perforations,  such  quantities  of  water 
as  to  overload  them  perhaps  for  hours,  beside  bringing  in  large 
amounts  of  detritus  to  find  lodgment  in  the  sewer  or  manhole.  To 
limit  the  operation  of  the  sewers  to  the  legitimate  function  of 
removing  sewage  only,  it  is  evident  that  perforated  covers  must  be 
omitted  and  reliance  for  ventilation  placed  upon  house  drains.  As 
admission  of  air  is  necessary  for  the  operation  of  the  flush  tank, 
both  to  insure  its  discharge  and  to  prevent  siphonage,  special  devices 
will  be  used,  consisting  of  a  pipe  extending  to  the  curb  and  termi- 
nating in  an  ornamental  stand  pipe. 

UNDERGROUND    OPSTRUCTIONS. 

New  Orleans  apparently  is  no  exception  in  the  matter  of 
underground  structures  and  obstructions.  Many  of  these  have 
been  laid  entirely  regardless  of  any  city  supervision  or  regulation, 
and  where  the  constructing  companies  have  so  willed,  and  upon  no 
well-defined  plan  except  that  of  expediency.  The  aim  of  all  has 
been  apparently  to  seize  the  most  available  location  and  get  as  near 
the  surface  as  possible,  regardless  of  either  alignment  or  grade, 
and  to  keep  no  records.  While  other  cities  have  more  and  larger 
underground  structures,  few  present  more  complications  than  New 
Orleans,  where  narrow  streets  cause  crowding  and  lack  of  specific 
information  renders  location  difficult.  Much  time  was  devoted  to 
ascertaining  the  underground  conditions  existing  in  the  conduit 
area. 
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SIPHONS. 

Where  there  are  so  many  and  such  large  drainage  canals,  both 
existing  and  prospective,  conflict  in  grades  is  inevitable,  except  by 
going  to  such  a  depth  with  sewers  as  would  involve  enormously 
increased  cost  and  complications.  Under  such  conditions,  many 
siphons  are  rendered  necessary,  occurring  mainly  upon  the  pipe 
sewers  near  the  head  of  the  system.  Owing  to  its  great  depth,  one 
only  occurs  upon  the  uptown  main  sewer,  and  this  only  partially  so, 
where  the  main  sewer  on  Clara  street  crosses  the  Third  street 
drainage  canal,  calling  for  a  construction  somewhat  different  from 
that  of  the  ordinary  siphons.  In  this  case  the  invert  of  the  sewer 
is  about  21  inches  below  the  bottom  of  the  drainage  canal.  Two 
1 8-inch  pipes  are  to  l)e  laid  on  a  straight  hue  under  the  drainage 
canal,  and  these  are  of  sufficient  capacity  to  carry  the  minimum 
flow  of  the  sewer.  When  the  amount  of  sewage  so  increases  as  to 
overcharge  these  two  pipes,  it  will  overflow  into  two  21 -inch  pipes 
laid  as  a  siphon  immediately  under  the  18-inch  pipe,  the  flow 
through  these  21-inch  pipes  ceasing  as  the  amount  of  sewage  ap- 
proaches the  minimum.  Suitable  arrangements  are  provided  for 
flushing  the  21 -inch  pipes,  the  18-inch  pipe  being  self-cleansing. 
Advantage  is  also  taken  of  the  opportunity  of  overflowing  into  the 
drainage  canal  in  the  event  of  an  accident  or  stoppage  in  the  main 
sewer,  the  36-inch  connection  shown  being  designed  to  accomplish 
this  purpose.  Figs.  6,  7  and  8  show  the  various  details  of  this 
crossing. 

Pigs.  9,  10  and  11,  representing  the  crossing  of  the  St.  Bernard 
sewer  under  the  Broad  street  canal,  show  the  general  plan  which 
will  be  employed  on  all  siphons.  The  sewer  is  divided  into  two 
sewers  having  the  same  capacity  as  itself.  During  ordinary  flow, 
the  sewage  will  run  through  one  of  these  only  until  it  runs  full, 
when  it  overflows  into  the  second  sewer.  The  sewage  is  thus  con- 
fined to  a  smaller  channel,  with  beneficial  results,  during  light  flow, 
and  with  a  relief  in  case  either  should  become  obstructed.  Auto- 
matic flush  tanks  will  give  each  sewer  a  thorough  flush  daily. 

PUMPING    STATIONS. 

But  little  has  been  or  can  be  said  in  connection  with  the  pump- 
ing stations,  as  the  plans  are  not  sufficiently  advanced  to  justify  a 
full  description  of  them  at  this  time.  It  may  be  said  briefly,  how- 
ever, that  the  complete  plan  calls  for  a  total  of  three  main  pumping 
stations  and  thirteen  small  pumping  or  lift  stations,  of  which  the 
three  main  and  six  small  pumping  stations  will  be  included  in 
present  construction.     The  greater  number  of  the  latter,  however, 
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should  hardly  be  dignified  by  the  appellation  of  pumping  stations, 
as  the  quantity  handled  there  is  very  small,  varying  from  400  to  800 
ijallons  per  minute  at  present  to  an  ultimate  capacity  of  from  looo 
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to  4500  gallons  per  minute.     The  pumps  will  be  automatic  in  their 
action. 

Of  the  three  main  pumping  stations,  one  serves  the  whole  of 
Algiers,  ranging  from  a  present  capacity  of  1500  gallons  per  minute 
to  an   ultimate  discharge  of   5000  gallons  per  minute.     Another, 
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located  at  juunlan  avenue  and  Urquharl  street,  will  serve  all  the 
Territory  between  Lafayette  avenue  and  the  lower  citv  line,  the  river 
and  Florida  walk  with  an  estimated  present  capacity  of  J500  fjal- 
lons  and  an  ultimate  capacity  of  13,000  .^^allons  per  minute.  The 
third    and    main    pumpinij-   station    serves    all    the    territory   above 
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Lafayette  avenue,  desij^ned  for  a  present  discharge  of  26,000  gal- 
lons per  minute,  or  37,400,000  gallons  in  twenty-four  hours,  while 
it  will  be  called  upon  ultimately  to  care  for  a  \\o\\  of  57,200  gallons 
per  minute,  or  82,000,000  gallons  in  twenty-four  hours. 

It  is  hardly  necessary  to  go  further  into  a  description  of  this 
design.    While  we  have  waited  long  for  sewerage,  the  wait  has  not 
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been  without  some  compensating  advantages.  When  sewerage 
starts  with  the  early  hfe  of  a  municipality,  and  the  direction  and 
extent  of  growth  are  undetermined  factors,  the  engineer  must 
depend  upon  his  judgment  to  determine  these,  and  yet  is  stopped 
from  proportioning  and  designing  his  system  for  a  period  too  far 
advanced,  not  only  from  financial  considerations,  but  from  inability 
to  determine  what  the  future  demands  may  be.  The  result  is 
necessarily  more  or  less  of  a  patchwork,  requiring  correction  here, 
relief  mains  elsewhere,  as  the  necessity  arises. 

Here,  where  the  city  has  already  grown  to  metropolitan  pro- 
jjortions,  and  its  future  limits  and  conditions  can  be  defined  with 
almost  mathematical  accuracy,  it  has  been  possible  to  outline  a 
system  of  sewerage  as  a  completed  whole,  the  most  widely  separated 
sections  in  perfect  harmony  and  proportion  to  a  completed  struc- 
ture ;  where  the  construction  for  present  needs  is  in  conformity  with 
a  well-defined  and  perfected  plan,  to  be  filled  out  and  completed  as 
the  growing  needs  of  the  city  demands.  On  the  vast  importance  of 
this  great  work  to  the  health  of  the  community,  recognized  by  all, 
it  is  useless  to  enlarge  ;  we  can  only  hope  for  its  early  consummation, 
when  our  city  will  have  completed  one  great  stride  in  the  march  of 
progress. 


Etiitors  reprinting  articles  from   this  journal  are  requested   to  credit  not  only  the 
Journal,  but  also  the  Society  before  whicli   such  articles  were  read. 
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SMOKE  ABATEMENT  IX  ST.  EOUIS. 


By  WiLLi.vM  H.  Bry.\n,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  October  2,  1901.*] 

Of  all  the  cities  of  America  burning  soft  coal,  none  feels  the 
blight  of  the  omnipresent  smoke  cloud  more  than  does  this  city  of 
St.  Louis.  It  has  made  our  name  a  by-word  and  a  reproach. 
The  comment  of  the  Chinese  minister  was  only  the  last  straw 
needed  to  fix  our  degradation  upon  us.  Now  that  we  are  in  a  fair 
way  to  realize  our  ambitions  for  good  streets  and  pure,  clear  water, 
we  venture  to  indulge  the  hope  that  the  "new  St.  Louis"  may  be 
smokeless. 

The  problem  of  smoke  abatement  is  an  old  one,  and  has  often 
been  discussed  before  this  Club.  I  can  hope,  therefore,  to  give  you 
but  little  if  anything  interesting  or  novel.  In  view,  however,  of  the 
recent  passage  of  a  new  smoke  ordinance,  and  the  inore  recent 
appointment  of  inspectors  looking  to  its  enforcement,  it  would 
seem  that  the  time  is  propitious  to  briefly  review  the  history  of  the 
movement  in  this  city,  to  recapitulate  the  inethods  which  have 
been  successful  and  to  indicate  what  we  may  reasonably  hope  to 
accomplish. 

This  discussion  is  limited  to  St.  Louis,  where  the  conditions 
surrounding  the  problem  are  as  unfavorable  as  they  could  possibly 
be.  Remedies  effective  here,  therefore,  may  be  accepted  as  equally 
so  elsewhere. 

St.  Louis  is  naturally  a  smoky  city.  It  is  a  busy  city.  Its 
industries  cover  a  large  volume  and  a  wide  variety  of  product.  In 
no  small  degree  does  St.  Louis  owe  its  growth  and  its  prosperity 

*Manuscript  received  November  11,   1901. — Secretary,  Ass'n  of  Eng.   Socs. 
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to  its  manufactures,  and  all  good  citizens  are  heartily  in  favor  of 
encouraging  them  in  every  legitimate  way. 

St.  Louis  has  come  to  be  an  important  manufacturing  center 
largely  because  of  its  proximity  to  the  soft  coal  beds  of  Southern 
Illinois,  scarcely  a  dozen  miles  to  the  east.  These  are  apparently 
inexhaustible  and  are  easily  mined,  making  it  possible  to  deliver 
this  fuel  to  the  consumer  in  St.  Louis  at  exceedingly  low  cost. 
These  coals  leave  much  to  be  desired  in  many  respects.  They  run 
high  in  volatile  matter,  moisture  and  ash,  and  comparatively  low  in 
calorific  value,  which  characteristics,  particularly  the  first-named, 
are  highly  favorable  to  the  making  of  smoke  when  burned  in  the 
ordinary  manner.  It  is  the  duty  of  the  engineer  to  point  out  how 
the  smoke  nuisance  may  be  abated  while  continuing  the  use  of  the 
fuel  which  Providence  has  sent  us  in  such  abundance.  We  must 
be  prepared  to  meet  the  argument  that  a  smoky  city  means  a  busy 
and  a  prosperous  city,  and  to  show  that  the  prevention  of  smoke  by 
modern  methods  imposes  no  hardships  on  our  industries. 

The  Engineers'  Club  of  St.  Louis  has  long  taken  the  lead  in 
this  movement.  A  review  of  its  proceedings  shows  that  many 
papers  and  discussions  have  been  presented.  We  have  long  had  a 
standing  Committee  on  Smoke,  which  has  at  intervals  made  reports 
to  the  Club.  These  reports,  it  is  true,  have  not  always  been  as 
encouraging  as  might  have  been  desired.  There  was  not,  in  the 
early  days,  as  thorough  an  unxlerstanding  of  the  problem,  nor  had 
inventions  been  so  far  perfected  as  to  give  us  the  wide  choice  of 
remedy  we  have  to-day.  Xevertheless,  there  was  always  some 
progress  to  report. 

There  has  always  been  a  strong  sentiment  that  the  emission  of 
smoke  should  be  controlled  by  ordinance,  but  it  was  felt  that,  for 
the  time  being  at  least,  our  energies  could  best  be  directed  toward 
the  education  of  the  public  and  the  development  of  improved  fur- 
naces. In  1888  JMr.  Charles  E.  Jones  and  Mr.  Charles  F.  White — 
both  pioneers  in  the  movement  in  this  city,  and  both  then  members 
of  this  Club,  the  former  of  whom  is  still  with  us — made  a  report 
to  the  president  of  the  City  Council  which  indicated  that  the  forms 
of  smoke-abating  apparatus  then  available  for  steam  boilers  cut 
down  their  capacity  an  average  of  28  per  cent.,  and  that  their  use 
involved  a  slightly  increased  expenditure  of  fuel.  There  were 
then,  as  now,  a  number  of  boiler  plants  which  were  regularly 
w^orked  beyond  their  normal  or  rated  capacities,  and  for  them  there 
seemed  to  be  no  satisfactory  way  of  controlling  the  smoke. 

In  the  same  year,  1888,  Mr.  Robert  Moore  read  a  paper  before 
this  Club  on  "Smoke  Prevention,"  which  was  a  most  able  presenta- 
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tion  of  the  status  of  the  art  at  that  time.  It  was  a  complete  resume 
of  the  local  situation,  and  will  well  repay  study  even  at  this  day. 
It  is  interesting  to  note  that  the  optimistic  views  then  held  hy  Mr. 
Moore  were  destined  to  be  fully  realized. 

Substantial  progress  had  been  made  in  1891.  when  Mayor 
Noonan  appointed  a  committee  of  citizens  to  investigate  local  con- 
ditions and  to  report  upon  the  entire  situation,  with  a  view  of  point- 
ing out  what  could  be  done  toward  the  reduction  of  the  smoke 
nuisance,  complaint  against  which  had  become  widespread  and 
persistent.  This  committee,  composed  of  Col.  E.  D.  Meier,  Prof. 
W.  B.  Potter,  Mr.  Robt.  E.  McMath  and  Mr.  Charles  E.  Jones, 
all  members  of  this  Club,  and  familiar  witli  the  problem,  at  once 
accepted  the  task,  anH  set  systematically  to  work  on  the  collection 
of  data.  On  March  8,  1892,  the  committee  made  to  a  meeting  of 
citizens,  held  at  the  Mercantile  Club,  a  report  w^hich  was  studious 
and  exhaustive,  and  which  stands  to-day  as  our  highest  authority. 
It  is  indeed  the  source  and  fount  of  wisdom  for  those  who  would 
study  this  problem  thoroughly  as  it  relates  to  St.  Louis. 

This  report  was  shortly  afterward  repeated  before  this  Club, 
and  discussed  at  some  length,  after  which  it  was  published  for 
general  distribution.  The  committee  recommended  the  passage  of 
two  ordinances  by  the  [Municipal  Assembly,  drafts  of  which  were 
attached  to  the  report.  The  first  of  these  declared  smoke  to  be  a 
nuisance,  and  provided  for  its  suppression.  The  other  established 
an  expert  commission,  which  was  to  canvass  the  city  and  determine 
what  could  be  done.  This  commission  was  also  to  make  tests  of 
smoke-preventing  devices  and  smokeless  fuels. 

These  ordinances  were  promptly  introduced  into  the  Municipal 
Assembly  and  were  passed,  and  approved  by  the  Mayor  in 
February,  1893.  President  Burnet,  of  the  Board  of  Public  Im- 
provements, with  the  approval  of  Mayor  Noonan,  appointed  on  this 
commission  Prof.  \\'.  B.  Potter,  Capt.  W'm.  McClellan  and  the 
author. 

At  about  that  time  the  Citizens'  Smoke  Abatement  Associa- 
tion was  formed,  with  the  object  of  educating  public  sentiment  and 
of  providing  lawyers  and  inspectors  to  co-operate  with  the  city 
officials.  There  were  also  appointed  about  this  time  two  city 
inspectors,  whose  duty  it  was  to  report  violations  of  the  ordinance 
to  the  president  of  the  Board  of  Public  Improvements,  who  then 
took  the  necessary  steps  toward  prosecution  in  the  courts  when 
that  step  seemed  necessary. 

This  expert  commission  immediately  entered  upon  its  work, 
beginning  with  a  canvass  of  the  smoke-making  plants,  with  a  view 
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of  determining  the  conditions,  if  any,  under  which  smoke  could  not 
be  entirely  prevented,  such  conditions  being  a  valid  defense  against 
complaint.  It  was  also  to  report  whether  or  not  there  were  practi- 
cal methods  of  abating  the  smoke. 

These  reports  were  duly  submitted,  together  with  a  code  of 
rules  governing  tests  to  be  made  on  alleged  smokeless  furnaces. 
In  due  course  exhaustive  tests  and  reports  were  made  on  the 
Boilcau  furnace,  the  Hawley  down-draft  furnace,  the  Standard 
furnace  or  automatic  stoker,  the  Keene  Economizer  and  the  Hax- 
ton  base  burner.  All  these  reports  were  approved  by  the  Board 
of  Public  Improvements  and  published.  The  commission  also  took 
up  smokeless  fuels,  and  made  a  series  of  trials  and  investigations 
upon  coke,  which  report,  however,  has  never  been  published.  An- 
other investigation  into  smokeless  fuels  of  the  character  of  Poca- 
hontas was  begun,  but  was  not  completed,  owing  to  lack  of  funds. 

During  this  time  much  other  effective  work  was  being  done, 
both  by  the  Citizens'  Association  and  by  the  commission,  the  latter 
appearing  before  many  bodies  and  meetings  with  a  view  of  awaken- 
ing a  favorable  sentiment.  The  members  of  the  commission 
worked  in  close  harmony  with  the  Citizens'  Association,  and  gave 
their  advice  free  of  charge  to  all  inquirers  looking  for  the  best 
means  of  abating  the  smoke. 

In  the  consideration  of  the  smoke  problem  we  should  not  forget 
the  very  excellent  paper  by  Mr.  R.  J.  McCarty,  of  Kansas  City, 
Mo.,  read  before  this  Club  in  December,  1895. 

In  the  meantime  the  Citizens'  Association  and  the  city  inspec- 
tors were  pushing  their  part  of  the  work  actively,  the  most  serious 
offenders  being  taken  in  hand  to  begin  with.  Both  before  and  after 
the  expiration  of  the  six  months  period  before  the  ordinance  went 
into  effect  the  owners  of  smoke-making  plants  took  up  the  question 
of  abating  the  smoke,  and  large  numbers  of  them  put  in  effective 
appliances.  The  willingness  and  desire  to  comply  with  the  ordi- 
nance were  almost  universal.  Every  effort  was  made  to  induce 
compliance  by  friendly  means,  and  it  was  not  until  moral  suasion 
had  failed  that  prosecutions  were  undertaken  in  the  courts. 

As  is  always  the  case,  however,  there  were  a  few  obstruction- 
ists who  fought  the  ordinance,  with  the  result  that  the  now  famous 
Heitzberg  case  was  carried  to  the  Supreme  Court  of  the  State, 
where,  in  1896,  very  much  to  our  surprise,  the  ordinance  was 
declared  invalid  on  the  ground  that  the  municipal  legislature  had 
'exceeded  its  authority  in  declaring  smoke  a  nuisance  per  se.  This 
made  it  necessary  to  prove  in  each  case  that  the  particular  smoke 
complained  of  had  caused  special  and  individual  damage.     This 
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decision,  while  not  in  harmony  with  the  views  of  many  eminent 
legal  authorities,  as  well  as  the  decisions  of  many  high  courts,  was 
nevertheless  conclusive,  and  ended  our  efforts  under  the  ordinance. 
In  the  revision  of  the  municipal  code  in  1899  the  smoke  ordinance 
was  rewritten  to  conform  to  the  Supreme  Court  decision,  hut  noth- 
ing has  been  done  under  it  on  account  of  the  practical  impossibility 
of  proving  damage  in  each  case. 

In  spite,  however,  of  the  many  difficulties  encountered,  and  the 
final  overthrow  of  the  ordinance,  great  good  had  been  accom- 
plished. Disinterested  and  competent  outside  observers  said  that 
St.  Louis  had  done  more  than  any  other  city  in  this  country,  and 
that  our  smoke  cloud  had  been  reduced  fully  75  per  cent.  The 
city  records  show  also  that  at  that  time  about  75  per  cent,  of  the 
steam  boilers  in  this  city  had  been  equipped  with  smoke-preventing 
devices.  Many  of  these  have  been  kept  in  operation,  so  that  our 
condition  is  not  so  bad  now  as  it  was  before  the  original  ordinance 
went  into  effect,  although  there  has,  of  course,  been  some  increase 
in  the  number  of  plants.  Is  it  not  reasonable  to  expect  that  even 
better  results  may  be  secured  under  the  new  ordinance  ? 

Early  this  year  the  Executive  Committee  of  the  Citizens' 
Smoke  Abatement  Association,  in  conference  with  many  leading 
citizens,  prepared  the  draft  of  an  act,  to  be  introduced  into  the 
State  Legislature,  giving  to  cities  of  over  100,000  inhabitants  the 
right  to  declare  smoke  a  nuisance  and  to  provide  for  its  regulation. 
Such  a  law  was  duly  passed  and  approved.  (See  appendix  A.) 
In  accordance  with  its  provisions  the  Municipal  Assembly  of  this 
city  has  passed  a  new  ordinance,  which  was  approved  by  the  Mayor 
on  August  21  last.  (Appendix  B.)  He  has  now  appointed  a  chief 
inspector  and  four  deputies  to  enforce  the  ordinance. 

Having  now  brought  the  situation  up  to  date,  let  us  get  an 
exact  idea,  if  possible,  as  to  what  smoke  is. 

The  constituents  of  all  fuels  may  be  classified  as  volatile  matter, 
fixed  carbon  and  ash.  The  ash  is  inert  as  regards  smoke,  except 
that  when  present  in  large  quantities  it  greatly  impedes  the  proper 
handling  of  the  fires.  The  fixed  carbon,  with  which  we  are  familiar 
in  the  form  of  coke,  is  smokeless.  The  remaining  constituent,  the 
volatile  matter,  occurs  in  large  percentages  in  our  fuels,  and  is  the 
one  which  causes  the  smoke. 

When  a  fuel  rich  in  volatile  matter  is  charged  into  a  furnace, 
the  result  is  that  the  volatile  matter  is  first  set  free  as  a  gas,  prin- 
cipally in  the  shape  of  hydrocarbons.  Part  of  these  are  of  what 
is  known  as  the  olefiant  series.  These  are  dissociated  at  a  red 
heat,  and  part  of  the  carbon  is  set  free,  which,  if  unconsumed, 
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passes  off,  forming  the  visible  smoke.  It  is  possible  to  burn  this 
free  carbon,  but  to  do  so  there  must  be  sufficient  oxygen  present 
and  the  temperature  must  be  high.  Failing  of  either  of  these  con- 
ditions, the  furnace  will  smoke.  All  successful  smoke-abating 
devices  work  in  the  direction  of  meeting  these  two  important 
requirements. 

It  was  shown  long  ago,  bv  careful  experiments,  that  the 
amount  of  carbon  in  the  densest  smoke  is  very  small, — from  one- 
sixth  to  one-half  of  i  per  cent,  by  weight.  It  has,  however,  an 
immense  coloring  power.  You  may.  therefore,  stamp  as  false  all 
those  claims  of  furnaces  which  oft'er  to  save  fuel  by  consuming  the 
smoke.  It  has,  however,  been  shown  repeatedly  that  the  best  forms 
of  smokeless  furnaces  have  made  marked  savings  in  fuel,  not 
because  they  burn  the  smoke,  but  because  of  the  improved  con- 
struction and  better  engineering  details,  which  bring  about  more 
favorable  furnace  conditions  and  result  in  more  nearly  perfect  com- 
bustion. The  best  furnaces  make  a  fuel  saving  more  than  sufficient 
to  pay  the  interest  on  their  cost,  as  well  as  repairs  and  maintenance. 

Broadly  speaking,  there  are  three  methods  for  stopping  the 
smoke :  First,  the  shutting  down  of  smoke-making  plants  ;  second, 
the  use  of  smokeless  fuels ;  third,  the  burning  of  our  ordinary  fuels 
smokelessly. 

Heroic  as  it  may  seem,  much  good  has  already  been  accom- 
plished by  the  actual  shutting  down  of  plants.  A  few  years  ago 
the  city  was  dotted  with  small  factories,  each  with  its  smoke-mak- 
ing boiler.  To-day  most  of  these  are  operated  by  electric  motors, 
supplied  from  central  stations  located  at  a  distance  and  provided 
with  smoke-preventing  apparatus.  Many  buildings  get  their 
entire  service  of  light  and  power  from  the  street  mains,  operating 
their  boilers  only  for  heating  during  the  cold  months.  This  prac- 
tice may  be  expected  to  grow  as  electricity  becomes  cheaper  and  is 
distributed  over  wider  areas.  It  does  not  take  the  eye  of  a  prophet 
to  look  into  the  not  distant  future  when  our  generating  plants  will 
be  located  across  the  river,  or  at  the  coal  mines  themselves. 

Much  has  been  done  in  smokeless  fuels,  and  they  are  already 
in  extensive  use  in  this  city,  particularly  for  heating,  in  the  resi- 
dence districts  and  for  many  special  operations.  Indeed,  it  is  not 
too  much  to  ask  of  the  average  good  citizen  that  he  will  go  to  some 
little  extra  expense  if  necessary  to  aid  in  beautifying  the  city. 
This,  however,  could  not  be  expected  under  steam  boilers,  which 
are  our  largest  smoke  producers.  I  had  hoped  that  the  oil  from  the 
newly  opened  Texas  fields  could  be  introduced  here  at  something 
like  reasonable  cost,  but  present  rates  appear  to  be  prohibitive. 
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Oil  has  many  advantaijes,  however,  which  would  warrant  some 
increase  in  cost  over  coal.  In  addition  to  solving'  the  smoke  prob- 
lem it  g^reatly  reduces  the  labor  charge,  can  he  handled  and  con- 
trolled much  more  easily  and  usually  permits  an  increase  in  the 
working-  capacity  of  the  plant.  On  the  other  hand,  however,  the 
elements  of  danger  and  of  odor  should  not  be  overlooked. 

As  indicating  in  a  general  way  what  may  be  done  under 
boilers  with  the  various  fuels  coming  to  this  market  1  have  prepared 
the  following  table.  No  claim  is  made  for  the  absolute  accuracy 
of  the  figures,  but  they  are  believed  to  be  fairly  reliable,  relatively 
at  least.  A  glance  is  sufficient  to  show  that  the  smokeless  fuels 
are  out  of  reach  in  cost,  except  as  the  use  of  powdered  coal  may 
be  developed. 


FUEL. 


Fuel  Gas 

Anthracite 

Texas  Oil 

Coke 

Pocahontas 

Big  Muddy 

Mt.  Olive,  Lump... 

Powdered  Coal 

Common  Slack 


Cost, 
Dollars. 


Per  I coo 

Cubic  Feet. 

O.  lO 

Per  Ton  of 
2000  Lbs. 

6.75 
8.08 

4- 50 

4-75 
2.50 
1.60 
I  25 
0.90 


Calorific 

N'alue. 

Heat  Units. 

Per  1000 

Cubic  Feet. 

240,000 

Per  Lb. 
T4,ooo 

15.950 
12,500 
13.300 
12,200 
1 1 , 200 
10,000 
10,000 


Efficiency, 
per  Cent. 


80 


75 
80 
70 
72 
68 

65 
80 
60 


Equivalent   |       Cost  of 
Evaporation  ,  Evaporating 
in  Lbs.  of    i      looo  Lbs. 
Water.  of  Water. 


Per  1000 

Cubic  Feet. 

198.8 


Cents. 
50-30 


Per  Lb. 

10.87 

31.08 

13  22 

30.56 

9.05 

24.87 

9.90 

24  00 

S.57 

14.60 

7-53 

10.62 

8.28 

7-55 

6  20 

7  25 

The  deliveries  in  this  table  are  assumed  to  be  on  cars  at  con- 
sumer's switch.     The  oil  weighs  7.43  pounds  per  gallon,  and  costs 

3  cents  per  gallon,  2^  cents  of  which  is  freight. 

The  oil  companies  hope  to  reduce  the  price  in  the  near  future 
to  $1  per  barrel  of  42  gallons,  but  even  at  that  figure  it  would  still 
fall  short  of  competing  with  coal  in  the  St.  Louis  market,  even  after 
an  addition  of  j.o  to  50  cents  per  ton  for  coal  and  ash  handling  is 
made. 

The  outlook  for  oil  is  much  better  if,  instead  of  burning  it 
under  boilers,  it  be  used  in  oil  engines  of  the  Diesel  or  other  modern 
type,  which  consume  about  ^  pound  of  oil  per  I.  H.  P.  hour,  at  a 
cost  of  0.30  of  a  cent.     The  ordinary  Corliss  engine  uses  about 

4  pounds  of  Mount  Olive  coal  per  I.  H.  P.  hour,  costing  0.32  of 
a  cent. 

In  the  table  above  it  is  assumed  that  the  powdered  coal  is  made 
from  ordinary  slack,  at  an  additional  co.st  of  35  cents  per  ton  for 
powdering.  As  a  matter  of  fact,  tliis  charge  would  be  ofifset  by  the 
saving  in  labor  for  coal  and  ash  handling. 
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After  all,  however,  our  greatest  hope  for  immediate  relief  must 
come  from  the  successful  burning-  of  our  ordinary  fuels  smoke- 
lessly.  As  the  largest  offenders  are  the  steam  boilers,  they  only 
will  be  discussed. 

Devices  without  number  have  been  invented  for  this  purpose, 
but,  unfortunately,  most  of  them  have  failed  to  meet  the  exacting 
requirements  of  regular  service.  These  failures  have  led  some 
good  citizens,  who  have  spent  money  fruitlessly,  to  believe  that  the 
problem  is  beyond  solution. 

It  should  be  remembered  that  the  ordinary  furnace,  without  a 
special  device,  can  be  so  handled  as  to  greatly  reduce  the  smoke, 
providing,  of  course,  it  is  not  overworked.  It  is  not  absolutely 
necessary,  therefore,  to  buy  a  patent  furnace  in  order  to  control  the 
smoke,  nor,  as  will  be  shown  later,  will  the  purchase  of  improved 
apparatus  of  itself  control  the  smoke  or  insure  the  owner  against 
prosecution.  A  deep  furnace,  high  bridge  wall,  ample  grate  sur- 
face and  good  draft  are  essential  to  a  good  smoke  record.  Such  a 
furnace,  if  skillfully  fired,  will  make  no  serious  smoke  when  work- 
ing up  to,  say,  two-thirds  of  its  rated  capacity.  By  skillful  firing 
is  meant  the  charging  of  alternate  doors  with  small  and  uniform 
quantities  of  fuel,  particularly  if  the  coking  system  of  firing  is  used. 
The  firing  of  consecutive  doors,  at  long  intervals,  with  large  quanti- 
ties of  fuel  and  by  the  sprinkling  method  is  responsible  for  a  very 
large  proportion  of  the  present  smoke  nuisance. 

If  the  furnace,  however,  is  not  well  designed,  or  is  overworked, 
no  amount  of  skill  or  care  will  keep  the  smoke  within  bounds.  In 
such  cases  resort  must  be  had  to  special  apparatus.  Successful 
devices  and  processes  may  be  divided  into  five  general  classes : 

First.  Steam  jets.  These  are  the  simplest  devices  in  use,  and 
they  can  be  put  together  by  any  engineer  at  small  expense.  Some- 
times they  are  placed  under  the  grates,  discharging  into  the  ash 
pit,  but  more  usually  they  are  above  the  grate,  immediately  over 
the  fire  doors,  or  in  the  side  walls,  discharging  backward  or  across 
and  slightly  downward.'  The  steam  jet  draws  in  air  and  dis- 
charges it  at  high  velocity  immediately  above  the  fuel,  where  it 
meets  the  gases  being  given  off  bv  the  disintegrating  fuel. 

Devices  of  this  character  have  come  into  extensive  use.  They 
are  reasonably  effective  in  reducing  smoke,  but  are  not  usually 
economical  in  fuel.  The  jets  are  often  allowed  to  blow  continu- 
ously, but  it  is  better  to  turn  them  on  at  the  time  of  firing  and  then 
shut  them  off  in  two  or  three  minutes,  after  the  fresh  fuel  has 
become  ignited.  In  some  devices  this  is  done  automatically,  the 
act  of  opening  the  fire  door  turning  on  the  jet,  and  clockwork  or 
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dash-pot  mechanism  graduaHy  closing  it.  Hie  objections  to  such 
devices  are  their  first  cost,  their  compHcated  character  and  the 
necessity  for  some  attention  and  adjustment  for  fluctuating  service. 
In  Fig.  I  is  shown  a  simple  device  of  this  type,  using  air  pre- 
heated in  ducts  in  the  side  and  end  walls  of  the  furnace. 


^M^^^ 


Air 
Inlet 


Sectional  Klei-<itii,ii 


z: 


^  Air  i\: yea.n 


Air  (£•  Sleam 

>■ 


Air  <£-  SleaiH 


S~Live  Slean 


Air 
Inlet 


Si-tliun  A-IS 


Detail  of  Air  and 
Steam  I'ipua 

Fig.  I.     Steam  Jet  Device  using  Preheated  Air. 

Second.  Cooking  furnaces  or  firebrick  arches.  These  come 
next  in  first  cost,  and  are  capable  of  giving  almost  perfect  results 
in  smoke  abatement  if  properly  designed  and  intelligently  operated. 
The  firebox  is  kept  well  away  from  the  cooling  effect  of  the  heat- 
ing surface,  and  can  therefore  be  maintained  at  high  temperature. 
Contracted  checker  work,  or  throat  areas,  insure  a  thorough  mix- 
ture of  air,  which  is  often  preheated.     These  are  built  in  many 
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forms,  many  of  which  are  capable  of  burning  very  inferior  fuels. 
They  are  excellently  adapted  to  plants  where  the  service  is  reason- 
ably uniform.  The  objections  are  that  some  forms  require  an  in- 
crease of  space,  and  the  brickwork,  if  not  properly  constructed, 
may  not  be  durable  and  repairs  may  be  large.  These  objections, 
however,  have  been  very  largely  remedied  in  the  best  types.  There 
will  usually  be  a  material  saving  of  fuel  over  the  common  setting 
if  properly  constructed  and  operated.  Figs.  2  and  3  show  success- 
ful forms  of  this  type,  the  former  representing  the  Reynolds  and 
the  latter  the  Kent  furnace. 

Third.     Down-draft  furnaces.     These  have  proved  very  suc- 
cessful in  many  instances,  and  they  have  come  into  extensive  use, 


Fig.  2.     Firebrick  Arch. 

particularly  where  excessive  demands  for  overwork  are  frequently 
made. 

In  the  Hawley,  one  of  the  best-known  forms  (Fig.  4),  there  are 
two  grates,  one  above  the  other.  The  upper  grate  is  a  row  of  water 
tubes,  single  or  staggered,  so  connected  as  to  form  a  part  of  the 
circulation  system  of  the  boiler.  Grates  of  the  ordinary  pattern 
would  not  withstand  the  high  temperatures.  The  tubes  are  in- 
clined upward  to  the  rear  to  insure  rapid  circulation.  The  space 
above  the  rear  drum  is  closed  off,  and  the  gases  must  make  their 
exit  downward  through  the  bed  of  fuel.  Considerable  partly 
burned  fuel  falls  to  the  lower  grate,  where  its  combustion  is  com- 
pleted under  very  favorable  conditions.  The  two  flames  unite  at 
the  rear  of  the  grates,  forming  a  throat  through  which  it  is  almost 
impossible  for  the  particles  of  free  carbon  to  pass  unconsumed. 
Somewhat  greater  draft  is  usually  required  for  this  furnace  than 
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for  the  common  setting.  Most  of  the  air  required  for  combustion 
enters  through  the  doors  above  the  upper  grate  only,  a  small  amount 
being  admitted  under  the  lower  grate.  This  furnace  is  independent 
of  the  skill  or  ignorance  of  the  fireman  to  a  greater  degree  than 
many  others.  The  objections  are  its  first  cost  and  the  fact  that  it  is 
a  part  of  the  pressure  system  of  the  boiler.  With  bad  water  or 
careless  or  inefficient  handling,  there  is  great  liability  to  tube  and 
drum  repairs.     It  usually  effects  a  considerable  saving  in  fuel. 

Fourth.     Automatic  stokers,  with  which  may  be  classed  under- 
feed devices  and  chain  grates.     These  have  come  into  extensive 


Uptake 


Sectional  Plan  a-b. 

Fig.  3.    Wing  Wall  Furxace. 

use,  particularly  in  large  modern  plants.  While  they  are  built  in 
many  forms,  they  all  operate  on  the  same  principle, — that  of  feed- 
ing the  coal  automatically  to  the  grates  in  continuous  and  regular 
amounts.  Most  of  them  are  designed  for  the  use  of  the  finer 
grades  of  coal,  such  as  nut,  pea  or  slack.  In  many  localities  there 
is  a  surplus  of  this  fuel,  and  its  cost  is  low,  but  the  increasing 
demand  is  raising  the  price  and  reducing  the  supply.  Many  recent 
stoker  plants  are  provided  with  crushers  to  permit  the  use  of  the 
larger  sizes  of  coal  when  necessary.  When  accompanied  by  coal 
handling  and  storage  plants,  the  automatic  stoker  reduces  the  labor 
required  in  the  fireroom,  and  this  arrangement  has  been  adopted  in 
many  large  modern  plants.  The  ability  of  the  stoker  to  maintain 
practically  uniform  steam  pressure  and  the  fact  that  the  air  supply 
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is  nearer  the  theoretical  requirements  are  features  which  have  con- 
tributed largely  to  its  success. 

The  objections  to  automatic  stokers  are:  First,  their  cost; 
second,  the  complication  of  parts  and  the  necessity  of  repairs  ;  third, 
the  steam  required  to  operate  them.  Under  proper  conditions 
there  is  a  material  saving  both  in  fuel  and  labor.  That  the  objec- 
tions named  are  not  serious  is  shown  by  the  fact  that  their  use  is 
constantly  increasing.  The  fuel  to  be  burned  should  have  expert 
study,  however,  before  a  device  of  this  kind  is  selected,  as  they 
are  not  equally  well  adapted  to  all  fuels.  Some  do  not  respond  to 
fluctuating  loads  and  to  overwork  as  well  as  other  types  of  furnaces. 


Fig.  4.     Hawley  Down-Draft  Furnace. 


Well-known  and  successful  forms  of  stokers  are  shown  in 
Figs.  5  and  6;  the  former  represents  the  Roney  stoker,  and  the 
latter  the  Green  traveling  link  or  chain  grate. 

Fifth.  Powdered  fuels.  These  have  recently  attracted  much 
attention,  having  been  employed  successfully  in  rotary  cement 
kilns,  and  more  recently  under  boilers  to  a  limited  extent.  Experi- 
ments along  this  line  have  been  going  on  for  some  time  in  European 
countries  with  considerable  success.  In  the  most  satisfactory 
devices  the  coal  is  reduced  to  an  almost  impalpable  powder,  and  is 
then  forced  into  the  furnace  under  pressure,  exactly  as  would  be 
done  with  oil  or  gas.  Among  the  greatest  advantages  of  this  fuel 
is  the  fact  that  it  may  be  made  of  slack  or  mine  waste,  which  can  be 
had  at  very  low  cost.  While-  the  apparatus  for  burning  the  fuel  is 
simple  and  inexpensive,  the  plant  necessary  for  preparing  the  fuel 
is  somewhat  elaborate.  As  the  fuel  is  liable  to  spontaneous  com- 
bustion, it  cannot  be  stored  or  handled  in  large  quantities,  but 
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should  be  used  as  fast  as  made.  This  would  seem  to  call  for  a 
powderinq;  plant  at  each  point  of  use.  I  am  of  the  opinion,  never- 
theless, that  good  results  may  be  looked  for  in  this  direction  in  the 
not  distant  future. 

Time  will  not  permit  a  discussion  of  all  the  methods  which 
have  been  proposed,  but  the  foregoing  covers  in  a  general  way  the 
devices  which  have  been  more  or  less  successful.  The  list  would 
not  be  complete,  however,  without  mentioning  double-combustion 
furnaces,  smoke-washing  apparatus,  complete  combustion  devices, 
mechanical  draft,  etc.  Some  ot  these  have  come  into  limited  use 
with  encouraging  results,  both  alone  and  in  combination  with  others 
of  the  above-named  types. 

The  classes  enumerated  above  are  not  always  clear  and  distinct, 
as  the  types  named   are  often  found   in   combination.     The  fire- 


^      ^ 


Fig.  5.     RoxEY  Stoker. 

brick  arch,  for  instance,  is  nearly  always  found  in  combination  with 
the  stoker,  and  often  with  the  steam  jet. 

The  fireboxes  of  locomotives  and  of  steamboats  require  special 
treatment,  but  brick  arches  or  steam  and  air  jets  have  given  good 
results.  The  best  work  is  done  when  the  two  are  combined.  The 
arrangement  is,  of  course,  not  economical  in  fuel,  although  it  is 
not  particularly  wasteful.  Some  experiments  have  also  been  made 
with  down-draft  furnaces,  with  promise  of  success.  Oil  is  admir- 
ably adapted  for  locomotives,  and  is  already  in  extensive  use  where 
the  cost  will  permit.  It  is  urgently  recommended  that  larger  grate 
and  heating  surfaces  be  provided  wherever  possible. 

I  am  unhesitatingly  of  the  opinion  that  some  one  or  more  of 
these  devices  is  applicable  to  every  smoke-making  boiler  in  St. 
Louis,  and  that,  too,  without  hardship.  The  greatest  care,  how- 
ever, must  be  exercised,  first,  in  selecting  the  apparatus  to  be  sure 
that  it  is  adapted  to  the  service ;  second,  in  seeing  that  it  is  care- 
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fully  applied  so  as  to  be  reliable  and  durable,  and,  third,  that  it  is 
intelligently  operated  and  maintained.  The  last  is  perhaps  the  most 
important  of  the  three.  No  apparatus,  however  efficient,  can  be 
expected  to  run  itself.  Give  it  a  chance ;  see  that  it  is  taken  care  of 
and  kept  in  repair,  and  not  abused. 

It  is  to  be  hoped  that  the  city  of  St.  Louis  will  itself  set  a 
good  example  in  this  matter.  Under  the  old  ordinance  work  was 
handicapped  by  the  fact  that  the  water  works  plants,  public  build- 

The  Green  Traveling  Link  Gratf 
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Fig.  6.     The  Green  Tr.weling  Link  or  Chain  Grate. 


ings  and  schoolhouses  were  very  slow  in  stopping  their  smoke.  It 
was  hard  to  answer  the  argument  offered  in  defense  that  the  city 
itself  was  one  of  the  greatest  offenders. 

I  am  in  hopes  that  the  World's  Fair  authorities  will  handle 
this  problem  in  an  effective  manner.  What  could  be  more  interest- 
ing and  valuable  than  to  show  an  immense  power  plant  developing 
thousands  upon  thousands  of  horse  power  burning  our  own  smoky 
fuels  with  perfectly  clear  stacks  ? 

We  can  do  this  successfully,  and  with  a  wide  choice  of  appa- 
ratus.    In  so  doing  we  would  give  an  object  lesson  to  the  world. 
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APPENDIX  A. 

All  act  to  l^roliibit  the  discharge  into  the  open  air  of  dense  smoke  within 
the  corporate  limits  of  cities  which  nozu  have  or  may  have  hereafter  a 
population  of  one  hundred  thousand  inhabitants;  to  declare  the  discharge 
into  the  open  air  of  dense  smoke  tvithin  the  corporate  limits  of  such 
cities  a  public  nuisance,  and  to  provide  penalties  for  the  violation  and 
enforcement  hereof. 
Be  it  enacted  by  the  General  Assembly  of  the  State  of  Missouri,  as  follows: 
Section  i.     The  emission  or  discharge  into  the  open  air  of  dense  smoke 
within  the  corporate  limits  of  cities  of  this  State  which  now  have  or  may 
hereafter  have  a  population  of  one  hundred  thousand  inhabitants  is  hereby 
declared  to  be  a  public  nuisance.     The  owners,  lessees,  occupants,  managers 
or  agents   of  any  building,    establishment   or   premises    from    which    dense 
smoke  is  so  emitted  or  discharged  shall  be  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof,  in  any  court  of  competent  jurisdiction,   shall 
pay  a  fine  of  not  less  than  twenty-five  dollars  nor  more  than  one  hundred 
dollars.     And  each  and  every  day  whereon  such  smoke  shall  be  emitted  or 
discharged  shall  constitute  a  separate  offense ;  Provided,  however^  that  in 
any  suit  or  proceeding  under  this  act,   it  shall  be  a  good  defense  if  the 
person  charged  with  a  violation  thereof  shall  show  to  the  satisfaction  of  thc- 
jury  or  court  trying  the  facts  that  there  is   no  known  practicable  device, 
appliance,  means  or  method  by  application  of  which  to  his  building,  establish- 
ment or  premises  the  emission  or  discharge  of  the  dense  smoke  complained 
of  in  that  proceeding  could  have  been  prevented. 

Sec.  2.  All  cities  to  which  the  provisions  of  this  act  are  applicable  are 
hereby  empowered  to  enact  all  necessary  or  desirable  ordinances  not  incon- 
sistent with  the  provisions  herein,  nor  the  constitution,  nor  any  general  law 
of  this  State,  in  order  to  carry  out  the  provisions  of  this  act. 

Sec.  3.     All  acts  or  parts  of  acts  inconsistent  with  this  act,  or  any  part 
hereof,  are  hereby  repealed. 
Approved  March  21,  1901. 

APPENDIX  B— ORDINANCE  NO.  20.455- 

An  ordinance  to  prohibit  the  discharge  into  the  open  air  of  dense  smoke 
within  the  corporate  limits  of  the  city;  to  declare  the  discharge  into  the 
open  air  of  dense  smoke  within  the  cvrporate  limits  of  the  city  a  public 
nuisance;  to  provide  penalties  for  the  violation  and  enforcement  hereof ; 
to  create  the  positions  of  Chief  Smoke- Inspector,  and  Deputy  Smoke 
Inspectors,  prescribe  their  duties  and  salaries  and  the  manner  in  zuhich 
their  work  shall  be  controlled  and  supervised;  and  to  repeal  Sections 
One  Thousand  Five  Hundred  and  One,  One  Thousand  Five  Hundred 
and  Tzvo,  One  Thousand  Five  Hundred  and  Three  and  One  Thousand 
Five  Hundred  and  Four  of  "The  Municipal  Code  of  St.  Louis"  (said 
sections  being  Ordinance  Number  Nineteen  Thousand  Seven  Hundred 
and  Seventy-two,  approved  April  sixth,  Eighteen  Hundred  and  Ninety- 
nine). 
Be  it  ordained  by  the  Municipal  Assembly  of  the  City  of  St.  Louis,  as  fol- 
lows, to  wit: 

Section  i.  Sections  One  Thousand  Five  Hundred  and  One,  One  Thou- 
sand Five  Hundred  and  Two,  One  Thousand  Five  Hundred  and  Three  and 
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One  Thousand  Five  Hundred  and  Four  of  "The  Municipal  Code  of  St. 
Louis"  (said  sections  being  Ordinance  Number  Nineteen  Thousand  Seven 
Hundred  and  Seventy-two,  approved  April  sixth,  Eighteen  Hundred  and 
Ninety-nine)  are  hereby  repealed,  and  they  are  hereby  enacted  in  lieu  thereof 
the  following  new  sections  : 

Sec.  1501.  The  emission  or  discharge  into  the  open  air  of  dense  smoke 
within  the  corporate  limits  of  the  city  of  St.  Louis  is  hereby  declared  to  be 
a  public  nuisance.  The  owners,  lessees,  occupants,  managers  or  agents  of 
any  building,  establishment  or  premises  from  which  dense  smoke  is  so 
emitted  or  discharged  shall  be  deemed  guilty  of  a  misdemeanor,  and,  upon 
conviction  thereof,  in  any  court  of  competent  jurisdiction,  shall  pay  a  fine  of 
not  less  than  twenty-five  dollars  nor  more  than  one  hundred  dollars.  And 
each  and  every  day  whereon  such  smoke  shall  be  emitted  or  discharged  shall 
constitute  a  separate  offense ;  Provided,  hqivever,  that  in  any  suit  or  pro- 
ceeding under  this  ordinance,  it  shall  be  a  good  defense  if  the  person  charged 
with  the  violation  thereof  shall  show  to  the  satisfaction  of  the  jury  or  court 
trying  the  facts  that  there  is  no  known  practicable  device,  appliance,  means 
or  method  by  application  of  which  to  his  building,  establishment  or  premises, 
the  emission  or  discharge  of  the  dense  smoke  complained  of  in  that  proceed- 
ing could  have  been  prevented. 

Sec.  1502.  The  Mayor  is  hereby  authorized  to  appoint  a  Chief  Smoke 
Inspector  and  such  Deputy  Smoke  Inspectors,  not  to  exceed  five  in  number, 
as  may  be,  in  his  judgment,  necessary  to  aid  in  carrying  out  the  provisions 
hereof,  and  the  provisions  of  the  Act  of  the  General  Assembly  of  the  State  of 
Missouri  relating  to  smoke  abatement  in  cities  of  one  hundred  thousand  in- 
habitants, approved  March  21,  1901,  and  all  such  appointments  shall  be  con- 
firmed by  the  Council. 

Sec.  1503.  Said  Chief  Smoke  Inspector  and  Deputy  Smoke  Inspectors 
shall  hold  their  respective  positions  during  the  pleasure  of  the  Mayor. 

Sec.  1504.  For  all  services  contemplated  by  the  provisions  hereof  the 
Chief  Smoke  Inspector  shall  receive  from  the  city  compensation  at  the  rate 
of  one  hundred  and  twenty-five  dollars  per  month,  and  each  of  said  Deputy 
Smoke  Inspectors  shall  leceive  compensation  at  the  rate  of  eighty-three  and 
one-third  dollars  per  month,  all  payable  monthly  at  the  expiration  of  each 
month. 

Sec.  1504  A.  Said  Chief  Smoke  Inspector  and  said  Deputy  Smoke  In- 
spectors are  hereby  authorized,  in  the  performance  of  their  duties,  to  enter, 
at  all  reasonable  hours,  upon  and  into  any  and  all  buildings,  establishments, 
premises  and  inclosures,  in  or-  from  which  they  may  believe  that  this  ordi- 
nance, or  the  said  Act  of  the  General  Assembly  of  Missouri,  has  been  or  is 
being  violated ;  and  to  inspect  and  examine  such  building,  establishment, 
])remises  or  inclosure  in  order  to  ascertain  whether  or  not  there  is  any  known 
practicable  device,  appliance,  means  or  method  by  the  application  of  which 
to  said  building,  establishment  or  premises  the  emission  or  discharge  of  dense 
smoke  therefrom  into  the  open  air  could  have  been  or  can  be  prevented. 
Said  Chief  and  Deputy  Smoke  Inspectors  shall  collect  and  preserve  evidence 
of  all  facts  touching  violations  of  this  ordinance,  or  of  said  Act  of  the 
General  Assembly,  and  said  Deputy  Smoke  Inspectors  shall  make  reports  of 
their  examination  and  investigation  to  the  Chief  Smoke  Inspector  at  such 
times  and  in  such  manner  as  he  may  direct.  Said  Chief  Smoke  Inspector 
shaU  report  all  cases  of  violation  of  this  ordinance  to  the  proper  officers,  or 
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prosecutinjT  officer,  for  the  pro.scculion  of  the  offenders,  and  he  and  said 
deputies  shall  aid  in  all  such  prosecutions  by  furnishing  whatever  evidence 
they  may  have  procured.  They  sliall  devote  on  each  day  to  the  discharge  of 
their  duties  at  least  the  number  of  hours  provided  by  Section  11  of  Article 
IV,  of  the  City  Charter,  and  for  failure  to  do  so,  or  for  any  other  reason 
satisfactory  to  the  Mayor,  they  may  be  removed  by  him  at  any  time.  The 
Chief  Smoke  Inspector  shall  furnish  the  Mayor  with  reports  and  information 
whenever  he  shall  be  required  to  do  so. 

Sec.  1504  B.  The  appointments  and  the  removals  of  Smoke  Inspectors, 
under  this  ordinance  shall  be  made  matters  of  official  record.  Each  Smoke 
Inspector  when  appointed  shall  be  furnished  with  a  certificate  or  written 
evidence  of  his  appointment,  signed  by  the  Mayor,  which  certificate  or  written 
evidence  such  Smoke  Inspector  shall  exhibit  if  required  by  any  person  upon 
whose  premises  he  proposes  to  enter  for  purposes  of  inspection.  All  Smoke 
Inspectors  shall  be  guided  in  the  performance  of  their  duties  by  such  orders 
and  directions  as  the  IMayor  may  see  fit  from  time  to  time  to  give  them. 

Sec.  1504  C.  It  is  hereby  made  the  duty  of  all  patrolmen  and  officers  of 
the  police  force  of  the  city  to  assist  said  Smoke  Inspectors  in  the  perform- 
ance of  their  duties,  and  to  report  to  the  Chief  of  Police  all  violations  of 
this  ordinance  coming  to  their  knowledge. 

Sec.  1504  D.  Any  person  who  shall  interfere  with  any  of  the  Smoke 
Inspectors  hereinbefore  provided  for,  in  the  discharge  of  their  duties,  or 
shall  hinder  or  prevent  any  of  said  inspectors  from  entering  into  or  upon, 
or  from  inspecting  any  buildings,  establishments,  inclosures  or  premises  in 
the  discharge  of  their  duties,  shall  be  deemed  guilty  of  a  misdemeanor  and  on 
conviction  thereof  shall  be  subject  to  a  fine  of  not  less  than  twenty-five  dol- 
lars nor  more  than  one  hundred  dollars  for  each  offense. 
Approved  August  21,  1901. 
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THE    EFFICIENCT    OF    COMPOUXD     CENTRIFUGAE 

PUMPS. 


By  Prof.  F.  G.  Hesse,  Member  of  the  Technical  Society  of  the 
Pacific  Coast. 


[Read  before  the  Society,  November  i,  1901.*] 

Ix  1869  I  volunteered  to  design  a  centrifugal  pump  for  the 
Stanislaus  Water  Company,  of  which  Mr.  N.  W.  Spaulding  was 
president.  It  was  a  two-stage  compound  pump;  that  is,  a  com- 
bination of  two  pumps,  exactly  alike,  having  the  shaft  in  common, 
arranged  so  that  the  first  pump  discharged  into  the  other,  and  each 
provided  with  a  free  vortex  for  the  purpose  of  converting  into 
pressure  the  kinetic  energy  of  the  absolute  velocity  of  discharge 
from  the  runners. 

The  important  question  now  presented  itself,  How  does  the 
efficiency  of  such  a  combination  of  two  or  more  pumps  compare 
with  that  of  a  single  pump  doing  the  same  duty  ? 

The  power  lost  in  a  centrifugal  pump  may  be  separated  into 
three  separate  losses,  viz : 

1.  Friction  of  shaft  in  bearings,  independent  of  quantity  dis- 
charged. 

2.  Friction  of  water  as  it  passes  through  suction  pipe  along 
the  vanes  of  runner  into  the  discharge  pipe,  proportional  to  square 
of  quantity  discharged. 

3.  Friction  of  runner  rotating  in  water,  independent  of  quan- 
tity discharged. 

Unfortunately,  no  tests  heretofore  made,  so  far  as  I  know, 
have  recognized  the  loss  of  power  due  to  the  wheel  discs ;  that  is 
(3),  above,  and  in  consequence  those  losses  have  been  charged  to 
the  "hvdraulic"  resistance,  thereby  producing  coefficients  of  resist- 
ance too  large  and  otherwise  giving  rise  to  formulas  which  are 
misleading  and  standing  in  the  way  of  a  true  interpretation  of  the 
phenomena  presented  by  the  action  of  the  pump  under  different 
conditions  and  elements  of  construction.  The  theory  of  the  cen- 
trifugal pump,  as  usually  given,  will  not  explain  the  experimentally 
demonstrated  higher  efficiency  of  a  compound  pump  over  a  single 
pump,  as  will  be  shown  later. 

In  1869  no  experiments  on  the  friction  loss  of  discs  rotating 
in  water  had  been  made,  as  far  as  I  could  ascertain,  and  I  was 
obliged  to  use  a  formula  which  I  developed  on  a  purely  theoretical 
basis.     Its  application  proved  conclusively  that  the  compounding 
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of  pumps  increased  llic  efficiency  over  that  of  the  sin.c^lc  pump 
doin,2^  the  same  duty. 

Much  to  my  rej^Tct,  the  pump  referred  to  was  never  built, 
owinp^  to  the  dissohition  of  the  Stanislaus  Water  Company,  and  the 
drawings,  which  had  been  kept  at  the  company's  office,  disappeared. 
Mr.  Spaulding-  informed  me  later  that  some  one  of  the  company 
had  secured  a  ijatciU.  or  caused  a  patent  to  be  obtained  by  a  manu- 
facturing" company  in  New  Jersey. 

Matters  remained  //;  sfatK  quo  until  the  year  1887,  at  which 
time  T  i)ublishe(l  I'nivcrsiiy  Uulleiin  No.  2,  on  a  "Hydraulic  Step," 


which  contained  the  results  of  experiments  on  the  resistance  offered 
to  discs  rotating  in  water. 

I  found  the  energ}'  lost  in  foot-pounds  per  second  to  be 

'W  =  0.105  /.  n^'  d'^  (i) 

in  which 

n  r=:  number  of  revolutions  per  minute. 

d  =  outer  diameter  of  disc  in  feet. 

/  ^  a  coefficient. 

This  coefficient  /  is  a  function  of  (/  and  ;/.  The  variation  of  n 
is  mainly  felt  for  small  velocities,  and  can  be  neglected,  since  the 
use  of  the  formula  deals  with  large  values  of  n.  /.  as  a  function  of 
d,  approaches  an  asymptote  for  d  greater  than  unity. 
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Expressing  W,  the  energy  lost  per  second,  in  terms  of  the 
pcrii)hcral  speed  of  the  disc,  we  find 

W  =  0.00205  dW^  (2) 

which  formula  shall  be  applied  to  the  theory  of  the  centrifugal 
pump. 

We  shall  use  the  following  notation  in  connection  with  the 
diagram  representing  a  pump  with  a  dififuser : 

d  =  diameter  of  runner  in  feet. 

V  =:  peripheral  speed  cjf  runner. 

O  =  quantity  of  discharge  in  cubic  feet  per  second. 

h  =  height  to  which  Q  is  to  be  raised. 

h,  =:  hydraulic  head  lost. 

Wo  =  velocity  of  discharged  water. 

g  =  acceleration  of  gravity. 

do  =  diameter  of  inlet  pipe  equal  to  inner  diameter  of  runner. 
d 
do 

^  =r  density  of  water  in  pounds  per  cubic  foot. 

Co  =  velocity  of  water  in  inlet  pipe. 

hi  =  f  h. 

r^  and  r  =  angles  as  shown  in  the  figure. 

Also  since  Q  =  "^  ^°"  ^° 
^  4 

•,  •      10         4  e^  Q 

It  is  d-  =  - — ^ 

The  total  head  against  which  the  pump  works  is 

H-h  +  h,  +^^  (3) 

in  which   ^°    is  the  head  corresponding  to  the  velocity  of  discharge. 

Accordingly  the  work  per  second  is  H  O  '7. 
The  theory  of  the  pump  indicates  that 

^=  =  sH{-  +  ;j:^,}=gHB  ^  (4) 

where  B  is  a  constant  depending  upon  the  construction  of  the 
pump. 

The  introduction  of  ^  as  a  characteristic  is  due  to  Prof.  G. 
Hermann,  Technical  University,  Achen. 

Equations  (2)  and  (4)  are  sufficient  to  determine  the  formula 
for  efficiency  of  any  pump,  simple  or  compound. 

Expressing  d  in  terms  of  Q,  and  substituting  for  v  from  (4), 

W  =  .475  """■+''"''°  (5) 

neglecting  — -^   as  very  small  compared  with  h  and  h^  in  any  actual 
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case. 


The  hydraulic  efficiency 
=  ^7 


Useful  work  tloiic 

Useful  work  done   i-  livilraulic  losses 

Q^ '  (r\ 

(I  +  i)  h  Q  ff  +  .475  Qj^  li«  (I  +  i)i  B8  ^^^ 

Co 

and  the  efficiency  with  ;/;  pumps  in  series  working  under  the  same 
head  //  is 

v  ni  Q  <T 


( I  +  .")  !i,  Q  -r  +  .475  I"  Q  e'^  Qa  (I  +  f)3  B3 


wliicli,  divided  through  by  Q  i-  h,  becomes 

I 


i+i-,-  .0075  e^  (^)Mi+s-)3B3 


(7) 


(8) 


This  is  the  tinal  formula  for  the  efficiency  of  a  compound 
pump,  and  it  indicates  that,  for  a  given  head  h,  the  efficiency  will 
increase  with  the  number  of  stages  or  pumps  in  series. 

If  we  had  assumed  the  disc  friction  loss  proportional  to  the 
square  of  the  velocity,  with  the  same  coefficients,  the  efficiency 


I  -t- 


.0075 


which  formula  will  not  account  for  the  observed  higher  efficiency 
of  a  compound  pump  over  a  single  pump  doing  the  same  work. 
This  greater  efficiency  is  due  to  the  decrease  of  the  disc  friction 
loss  by  diminishing  the  peripheral  speed  of  the  runner,  as  indicated 
in  the  formula  (7).  It  should  be  mentioned  here  that  I  have  not 
yet  had  an  opportunity  to  determine  the  coefficient  c  for  different 
styles  of  runners  and  constructions,  but  the  equipment  of  the  new 
iiydraulic  laboratory  at  the  University  of  California  will  render 
this  possible  in  the  very  near  future.  In  the  following  table,  show- 
ing how  a  change  in  B  of  formula  (4)  and  tn  aft"ects  the  efficiency, 
I  have  taken  ^  =  0.3  : 


f 

e 

h 

m 

(I  +  f)3 

Co 

d 

>' 

B3 

320 

hydraulic 
iiicieiicy 

0-3 

4 

900 

I 

1.48 

4 

^5 

25 

4-57 

•35 

0.3 

4 

900 

I 

1.48 

4 

90 

* 

1. 00 

170 

.62 

0.3 

4 

900 

9 

1.48 

4 

15 

25 

4-57 

107 

•56 

0.3 

4 

900 

' 

1.48 

4 

90 

* 

1. 00 

57 

•71 

♦When  ;  =  90°,  B  becomes  unity  irrespective  of  the  value  of  } , 
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SUMMER  STREET  VIADUCT,  SOUTH  BOSTO:^. 


Bv  Herman  K.Higgins,  Member  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  June  19,  1901.*] 

The  Summer  street  viaduct,  South  Boston,  is  essentially  a  part 
of  the  general  expansive  movement,  observable  for  a  few  years 
past,  on  the  part  of  the  business  of  Boston,  using  the  term  in  the 
broad  sense  and  including  therein  not  only  the  buying  and  selling 
of  goods,  but  as  well  the  transportation,  storage  and  shipment  of 
much  material  that  passes  through  Boston's  railway  terminals  to 
foreign  countries  without  involving  any  financial  transactions  in 
Boston  proper. 

As  our  city's  importance  as  a  commercial  center  increases,  it 
becomes  increasingly  difficult  to  transport  merchandise  through 
crowded  streets  to  wharves  in  the  city  proper,  and  the  difficulty  may 
be  expected  to  increase  even  more  rapidly  in  the  future. 

Within  the  past  few  years,  owing  partly  to  the  inevitable  con- 
solidation of  land  transportation  companies,  but  principally  to  the 
geographical  peculiarities  of  our  city,  the  condition  has  arisen  that 
there  is  but  one  principal  artery  of  travel  between  the  railway 
terminals  and  the  wharves  of  the  city  proper,  that  is,  Atlantic 
avenue.  Already,  at  certain  times  of  day,  the  capacity  of  the  street 
is  severely  taxed,  and  the  increased  local  traffic,  incident  to  the 
business  which  will  doubtless  be  fostered  by  the  improved  means 
of  transit  provided  by  the  elevated  railway,  has  of  course  yet  to  be 
felt  and  should  be  liberally  allowed  for.  It  is  not  financially  prac- 
ticable to  widen  such  a  street,  nor  is  it  practicable  to  so  administer 
it  as  to  keep  it  always  reasonably  safe  and  clear  of  blockades. 

It  will  be  seen,  therefore,  that  available  dock  frontage  in  lo- 
calities more  accessible,  particularly  from  railway  terminals,  is  a 
prime  necessity  if  Boston  is  to  continue  to  increase  in  commercial 
importance.  Moreover,  the  older  docks  and  wharves  are  already 
tolerably  well  occupied  by  traffic  in  lines  which  have  been  for  some 
time  in  possession  of  certain  territory,  and  could  be  removed  only  at 
considerable  loss.  For  example,  the  fisheries  near  T  wharf,  vari- 
ous coal  wharves  and  power  plants,  the  excursion  steamer  lines, 
ferries,  etc.,  all  small  items  in  themselves,  but  aggregating  enough 
to  occupy  a  very  appreciable  share  of  the  available  water  frontage 
of  the  city  proper.  Under  these  conditions  trade  must  naturally 
turn  to  districts  more  remote  from  the  older  center  of  business. 

*Manuscript  received  December  20,  1901. — Figs,  i  to  4,  inclusive,  re- 
printed, by  permission,  from  "Engineering  Record''  of  December  21, 
1901. — Secretary,  Ass'n  of  Eng.  Socs. 
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Another  reason,  not  less  important  perhaps,  is  found  in  the  fact 
that  the  older  part  of  the  water  front  is  owned  in  comparatively 
small  parcels  hy  a  considerable  number  of  persons.  This  effectually 
prevents  any  large  system  of  improved  facilities  such  as  other 
ports  have  found  essential  to  their  growth  and  continued  pros- 
perity. 

Fortunately,  the  larger  Boston  is  so  situated  that  commercial 
expansion  can  be  carried  to  an  almost  indefinite  extent,  and  we  find 
that  for  some  time  the  bulk  of  the  heavier  traffic  has  taken  itself 
to  Charlestown,  East  Boston  and  South  Boston. 

Charlestown's  docking  facilities  are  comparatix'cly  well  de- 
veloped, and  the  new  Charlestown  Bridge  on  the  one  hand  and  the 
railway  facilities  offered  by  the  Boston  and  Maine  Railroad  leave 
little  to  be  desired  in  the  way  of  transportation  possibilities  to  as- 
sure the  ultimate  perfect  utilization  of  its  comparatively  limited 
water  frontage. 

East  Boston  is  unfortunately  not  so  happily  situated,  as  it  is 
handicapped  in  handling  local  traffic  by  the  natural  barrier  set  by 
the  harbor  imposing  the  use  of  ferries  to  secure  access  to  the  busi- 
ness center  of  the  city.  Notwithstanding  the  excellent  management 
and  equipment  of  our  ferries  the  limitations  imposed  by  fog. 
weather  and  a  crowded  harbor  form  a  condition  which  must  have 
considerable  effect  upon  any  business  requiring  their  use.  Its 
rail  connection,  also,  leaves  much  to  be  desired,  as  the  many  and 
dangerous  grade  crossings  will  ultimately  have  to  be  eliminated 
and  the  cost  of  so  doing  will  constitute  a  charge  upon  traffic  which, 
although  not  readily  visible  to  casual  observation,  is  nevertheless 
a  real  handicap  to  its  future  growth  and  prosperity.  Its  natural 
advantages,  however,  are  so  great  that  it  has  already  a  very  large 
share  of  the  trans-Atlantic  trade  of  Boston,  and  its  opportunities  for 
expansion  are  nearly  unlimited. 

South  Boston,  unlike  its  two  sister  localities,  has  had  so  far 
comparatively  little  development,  notwithstanding  its  natural  ad- 
vantages are  of  the  best.  Its  rail  approaches  are  direct,  and  have 
only  one  grade  crossing,  and  that  not  very  serious,  as  the  bulk  of  its 
street  traffic  is  heavy  trucking,  and  its  ultimate  abolition  should  not 
prove  exceptionally  expensive.  Its  room  for  future  growth  is 
nearly  as  unlimited  as  East  Boston,  and  long  before  its  full  develop- 
ment the  business  of  ocean  transportation  may  have  undergone 
such  transformations  that  all  our  docks  may  require  complete  re- 
construction. The  movement  just  begun  of  consolidation  of  steamer 
lines  seems  destined  to  effect  great  changes  in  a  few  years.  Its 
means  of  access  from  the  city  proper  ha\e.  however,  been  in  the 
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past  not  so  satisfactory,  Congress  street,  the  only  direct  thorough- 
fare, being  narrow  and  crowded  by  local  freight  traffic  to  and  from 
the  railway  \ards.  The  State  docks  and  future  extensions  will 
shortly  call  for  largely  increased  facilities  for  access  to  the  business 
center.  The  water  frontage  of  South  Boston  proper  must  also 
sometime  be  included  in  the  general  harbor  system,  and  a  great 
and  still  growing  population  is  clamorously  demanding  better  means 
of  access  to  the  city. 

To  accommodate  all  these  interests,  a  wide,  commodious  ave- 
nue across  the  South  Boston  Flats,  as  they  were  formerly  called, 
became  a  necessity,  and  postponement  of  its  construction  could 
only  result  in  a  greatly  increased  cost,  as  the  appreciation  of  values 
in  this  district  is  rapid  and  continuous. 

A  number  of  studies  were  made  at  various  times  with  the 
object  of  determining  whether  a  change  in  level  of  Congress  street 
would  not  upon  the  whole  best  serve  the  interests  of  all  concerned, 
as  it  is  apparent  that  Congress  street  is  very  close  to  the  most  de- 
sirable location  for  such  an  avenue.  Such  studies  seem  to  show 
conclusively  that  this  would  not  finally  solve  the  problem,  and  that 
the  legitimate  function  of  Congress  street  is  to  provide  for  the 
already  large  and  growing  warehouse  business  located  between  the 
railway  and  Summer  street  and  the  local  freight  service  of  the 
New  York,  New  Haven  and  Hartford  Railroad,  leaving  the  new 
thoroughfare.  Summer  street,  to  form  a  means  of  access  to  the 
lands  east  of  the  railway  terminal,  including  the  State's  docks,  the 
shipbuilding  interests,  present  and  prospective,  and  whatever 
through  traffic  may  in  time  be  developed. 

The  planning  of  this  street  or  viaduct  was  in  itself  something 
of  an  undertaking  and  would  be  more  highly  appreciated  were  it 
not  for  the  dwarfing  effect  of  the  greater  problems  presented  by  the 
construction  of  the  passenger  terminal  so  nearly  adjacent. 

The  effect  of  gradient  on  such  a  street,  carrying  as  it  must  a 
very  heavy  traffic,  is  seen  to  be  most  serious,  and  heavy  expendi- 
ture is  warranted  in  the  effort  to  reduce  it  to  a  minimum.  The 
viaduct  over  the  railway,  on  the  contrary,  calls  for  as  much  room  as 
possible  over  the  tracks,  not  only  to  reduce  risk  to  brakemen,  but 
of  nearly  equal  importance  to  reduce  the  deterioration  due  to  cor- 
rosion. This  element  of  clear  room  over  the  stack  of  a  locomotive 
is  not  yet  properly  appreciated,  even  by  the  engineering  profes- 
sion, and  those  who  have  occasion  to  maintain  metal  structures 
exposed  to  such  conditions  know  that  mere  painting,  even  when 
frequent  and  accompanied  by  thorough  cleaning,  forms  at  best  a 
very  unsatisfactory  means  of  protection.     The  life  of  iron  over 
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lucoiiiotives  varies  according-  lo  the  distance  from  the  stack  to  the 
surface  exposed.  i)rolialily  somewhere  nearly  as  the  square  of  said 
ilisiance. 

A  viaduct  over  a  railway  freight  terminal  must  also  leave 
ample  room  for  handling  bulky  machinery  and  other  freight,  and  in 
this  case  it  was  needful  to  provide  room  enough  to  construct  tight 
roofs  over  the  freight  houses,  one  of  which  had  already  been  Ijuilt 
and  two  others  were  under  way. 

The  final  determination  of  grades  was  therefore  in  the  nature 
of  a  compromise  and  called  for  the  exercise  of  considerable  judg- 
ment to  properly  evaluate  the  conflicting  interests. 

The  W'idth  of  the  street,  lOO  feet,  is  fixed  by  general  local  prac- 
tice rather  than  by  any  formally  logical  process.  There  is,  how- 
ever, already  sufficient  occasion  to  believe  that  long  before  the  com- 
plete development  of  the  territory  tributary  to  this  street  there  will 

Paving  Sfonzs. 
Sana. 
Sand  and  Road  Pitch. 

4  thicknesses  of 

Roofing  Pzli- 


Coppi 

Flash. 


be  no  lack  of  crowding  on  even  this  lOO-foot  thoroughfare.  It 
should  be  remembered  in  this  connection  that  Atlantic  avenue  is 
essentially  a  distributing  street ;  most  of  its  traffic  following  it  for 
only  a  few  blocks,  then  turning  up  some  of  the  radial  streets  toward 
the  center  of  business,  wdiereas  Summer  street  will  ultimately  be 
more  of  a  thoroughfare. 

The  character  of  the  expected  traffic  on  this  street  fixed  the 
surface  finish,  it  being  early  apparent  that  nothing  short  of  granite 
Ijlock  pavement  would  be  at  all  permanently  satisfactory.  This 
materially  increases  the  weight  to  be  carried,  but  is  of  less  import- 
ance than  frequent  blocking  of  traffic  to  permit  repairs  to  a  less 
durable  pavement. 

This  pavement  weighs  about  120  pounds  per  square  foot,  with 
its  pitch  joints  and  sand  cushion,  and  rests  on  a  layer  of  water- 
proofing material  consisting  of  about  one  inch  of  tarred  sand  on 
a  four-i)ly  layer  of  tar-paper,  thoroughly  mopped  with  hot  tar,  sim- 
ilar in  general  to  an  ordinarx-  tar  and  gravel  roof,     f.'^ee  Fig.  i. ) 
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To  safely  cany  this  heavy  pavcimiu  ami  ilic  expected  heavy 
live  load,  even  after  a  considcTahle  aiiKuini  of  decay,  the  drive- 
ways were  planked  with  r)-inch  hard  pine  and  the  sidewalks  with 
3-inch  hard  pine.  Strini^rrs  were  made  8"  x  16"  under  ti:e  drive- 
ways anil  3"  X  ij"  under  the  sidewalks,  and  will  safely  carry  a 
steani  roller  or  a  steam  motor  carria<;e  of  the  luiropean  type,  which 
will  no  (U)ul)t  in  a  lew  \ears  become  as  common  here  for  heavy 
freighting-  as  the  electric  cahs  now  are  for  passenger  traffic. 


SUidJO       ..J 


As  all  this  timber  would  in  time  decay  and  the  interruption 
to  traffic  for  repairs  will  in  a  few  years  become  a  serious  matter, 
and  as  the  rapidly  progressing  destruction  of  our  forests  will  have 
materially  increased  the  cost  of  lumber  l)y  the  time  such  renewals 
will  have  to  be  made,  it  was  determined  to  subject  all  the  lumber  to 
some  preservative  process,  and  the  creosoting  process,  so-called, 
was  selected  as  ha\-ing  the  jireponderance  of  evidence  in  its  favor. 
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The  wooden  stringers  rest  on  shelf  anoles  on  the  steel  floor 
beams,  with  their  tops  nearly  flush  with  the  floor  beam  flanges. 
This  enables  the  use  of  a  deep  and  stifif  floor.     (  See  Fig.  2. ) 
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In  order  to  reduce  the  span  and  consequent  weight  of  the  floor 
beams  as  much  as  practicable  and  also  to  keep  the  truss  sections 
down  to  reasonable  limits,  three  trusses  were  determined  upon, 
spaced  forty  feet  apart  on  centers.  The  sub-Pratt  type  was  chosen 
as  the  most  economical  and  generally  satisfactory.  They  are  not- 
able only   for  their  great  weight.     The  trusses  rest  on  steel  seg- 


SUMMER  STRKET  VIADUCT,  SOUTH  BOSTON. 


243 


nuntal  rollers  u"  in  diriiiK'tcT ;  these  on  steel  columns,  and  the 
columns  on  the  masonry  piers.     (See  Fi.e^.  3.)* 

The  use  of  steel  columns  in  ])lace  of  the  more  usual  stone  piers 
enahles  nuich  room  to  he  sa\e(l  under  the  hridge,  as  the  necessary 
spread  of  hase  can  he  carried  helow  the  floors  of  the  freij2^ht  houses. 
The  columns  are  also  more  ri£:^id  as^ainst  overturning:^,  heing 
anchored  deep  into  the  masonr\,  auil  cost,  if  anything,  a  little  less 
than  masonry  piers.  Their  weight  heing  much  less,  the  foundation 
may  he  smaller,  and  the  ultimate  cost  is  materially  reduced  without 
any  sacrifice  of  efficiency.     (See  Fig.  4.) 

The  lengths  of  spans  were  fixed  by  the  necessity  for  reducing 
to  a  minimum  the  obstruction  to  the  future  development  of  the 
terminal  below.     To  this  end  the  piers  were  placed  in  the  centers. 


Fig.  5.    Railro.\d  Bridge  Foundations. 

of  the  freight  houses  to  permit  trucking  freely  between  and  around 
them  and  in  the  center  of  one  of  the  driveways  devoted  to  teaming 
bulk  freight.  (See  Fig.  5.)  The  piers  adjacent  to  B  street,  Fig.  6, 
were  designed  to  form  part  of  the  wall  of  a  future  extension  of  the 
freight  house  to  cover  the  entire  B  street  frontage  of  the  property, 
which  will  logically  form  a  feature  of  its  ultimate  development.  As 
doors  will  be  needed,  the  space  between  truss  bearings  was  left 
unencumbered  by  needless  masonry. 

The  foundations  of  such  a  structure,  wdiile  logically  the  final 
consideration,  are  constructively  the  first  to  be  put  under  way,  and 


*For   a   more   detailed   description   of   superstructure   see   "Engineering 
Record"  of  December  21,  1901. 
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in  this  case  are  of  the  first  iin[)ortance.  The  geological  formation 
is  similar  to  much  of  the  low-lying  portion  of  Boston,  being  of  clay 
covered  with  miscellaneous  filling.  Being  made  land,  the  clay  was 
rather  wet.  and  consequently  soft.  I'iles  were  driven  two  feet 
apart  on  centers  each  way.  The  number  of  piles  in  each  foundation 
was  fixed  by  the  load  on  the  pier,  which  varied  somewhat,  and  the 
piles  were  allowed  to  carry  some  twelve  tons  each.  As  the  soil 
is  certainly  good  for  one  ton  per  square  foot,  the  actual  load  trans- 
mitted by  the  pile  to  the  strata  blow  cannot  much  exceed  eight  tons. 
This  work  ofifered  a  notable  example  of  the  consolidating  'ef- 
fect of  piles  upon  the  adjacent  soil.  The  first  piles  in  each  group 
drove  easily,  and  the  resistance  increased  with  reasonable  uni- 
formity. As  the  group  approached  completion,  however,  the  resist- 
ance increased  markedly,  and  the  last  few  piles  were  driven  with 
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Fig.  6.     B  Street  Piers. 

considerable  difficulty.  The  bottoms  of  the  pits  w^ere  forced  up 
and  the  sides  were  forced  in,  and  additional  excavation  was  neces- 
sary to  make  room  for  the  masonry. 

The  piles  being  driven  and  cut  ofif,  concrete  was  placed  about 
their  heads  for  a  depth  of  one  foot.  The  concrete  was  of  Port- 
land cement,  sand  and  screened  gravel,  in  the  proportions  of  one, 
two  and  four,  mixed  unusually  wet,  and  thoroughly  compacted 
about  the  piles.  This  concrete  extended  two  feet  above  the  piles 
and  formed  the  lower  course  of  the  masonry.  On  it  was  laid  the 
body  of  the  pier  in  two-foot  courses  of  split  granite  of  superior 
quality  in  rectangular  blocks,  very  thoroughly  bonded,  each  stone 
being  shown  on  detail  drawings  of  each  course,  with  all  dimen- 
sions and  positions  of  joints  specified. 
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These  piers  are  designed  to  fully  uiilize  the  streiij^nh  of  the 
granite  and  spread  out  the  foundations  to  the  re(|uisitc  extent  as 
rapidly  as  p. )>>il)lc,  thus  saving  excavation  and  pumping.  The 
ground  water  level  in  this  vicinity  is  very  close  to  the  surface,  and 
piles  cut  off  at  grade  13  would  he  safe  so  far  as  drying  out  is  con- 
cerned. A  shallow  foundation  is  consequently  as  good  here  as  one 
deeper.  As  will  he  seen  from  the  plans,  the  re(|uired  spread  of 
foundation  necessitated  extending  the  concrete  down  to  a  point 
well  below  high  water.     (  See  Fig.  7.) 

In  considering  the  loads  on  piles  and  underlying  strata,  the 
eccentricity  of  loading  was  considered  and  the  northwest  piers  were 
set  over  nine  inches  in  order  to  bring  the  centers  of  columns  in 
the  axis  of  the  freight  house.  In  the  other  piers  the  greatest  ec- 
centricity is  only  ^  inch.  In  the  northwest  abutment,  Fig.  8,  the 
thrust  of  the  tilling  carries  the  line  of  pressure  well  forward  toward 
the  limit  of  the  middle  third.     In  the  original  design  the  piles  were 
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Fig.  7.     Middle  Piers. 


spaced  enough  closer  toward  the  front  to  bring  the  resultant  of  reac- 
tions coincident  with  the  line  of  pressure.  For  constructive  reasons 
this  was  changed  before  awarding  the  contract,  and  the  piles  were 
spaced  two  feet  on  centers,  as  in  the  other  foundations,  the  result 
being  that  the  piles  near  the  toe  of  the  abutment  really  carry  about 
fifteen  tons  each  instead  of  the  twelve  tons  originally  intended.  Of 
course,  they  are  capable  of  carrying  much  more  than  this. 

In  order  to  build  the  middle  piers  it  became  necessary  to  remove 
part  of  a  freight  house  already  built,  and  after  the  completion  of 
the  bridge  to  restore  it  to  a  condition  of  usefulness.  The  problem 
of  water-proofing  the  roof  was  solved  by  constructing  a  nearly  flat 
roof,  with  extensive  flashing  about  the  columns,  the  roof  coming 
well  below  the  rollers  and  movable  parts  of  the  bearing,  and  was 
covered  with  the  usual  tar  and  gravel. 
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The  falsework  was  comparatively  simple  in  plan  and  consisted 
of  I  beams  and  wooden  stringers,  carried  on  ordinary  framed  bents 
between  tracks,  in  some  cases  spanning  two  tracks.  Tracks  were 
moved  a  few  inches  to  equalize  the  clearance  and  lessen  the  chance 
of  any  collision  between  cars  and  bents.  The  traveler  used  was  a 
substantial  structure  of  wood  and  iron  of  sufficient  span  to  cover 
two  trusses.  It  was  carried  for  the  first  half  of  the  work  on  rails 
resting  directly  on  the  falsework.  After  the  north  and  middle 
trusses  had  been  swung,  one  leg  was  shortened  to  run  on  the  top 
chord  of  the  middle  truss  and  cover  the  other  half  of  the  bridge. 
(See  Figs.  9  and  10.) 

The  erection  of  the  ironwork  was  carried  on  much  the  same 
as  in  similar  work  elsewhere,  being  notable  principally  for  the  great 
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Fig.  8.     Northwest  Abutment. 

weight  of  some  of  the  top  chord  sections,  some  of  which  contained 
over  two  hundred  square  inches  of  metal  in  section.  Some  of  the 
permanent  stringers  were  placed  and  used  to  carry  service  tracks 
for  distributing  material  to  its  place  in  the  structure,  but  the  floor 
was  not  permanently  laid  until  the  completion  of  the  ironwork. 

The  provision  and  treatment  of  the  lumber  deserves  some 
passing  mention,  illustrating  as  it  does  a  radical  change  which  is 
or  has  been  taking  place  in  the  lumber  business.  This  lumber  was 
cut  not  far  from  Norfolk,  Va.,  and  treated  at  the  Old  Dominion 
Creosoting  Works  at  that  city.  We  are  accustomed  in  this  part  of 
the  world  to  think  that  the  heaviest  and  most  difficult  work  is  done 
by  the  most  modern  establishments,  as  in  case  of  steel  bridges  and 
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eavy  niacliinerv.  In  the  later  lumber  mills,  however,  this  rule 
does  not  hold,  the  reason  being  that  modern  mills  are  generally 
run  on  comparatively  short  logs,  and  long  sticks  have  to  be  sawed 
on  more  ancient  machines.  The  later  mills  have  the  carriage 
operated  l)y  a  direct  steam  cylinder,  the  piston  being  attached  di- 
rectly thereto. 

There  are  several  such  mills  in  the  vicinity  of  Norfolk,  in 
which  l)and  saws  are  used,  and  the  celerity  with  which  logs  in  the 
water  are  transformed  into  lumber,  sorted  and  piled  ready  for 
shipment,  forms  a  marked  contrast  to  older  methods.  Very  little 
manual  labor  is  employed.  It  is  undoubtedly  owing  to  the  limited 
demand  for  long  timber  that  these  mills  confine  themselves  to  the 
shorter  lengths. 

As  nearly  half  the  lumber  in  the  Summer  street  bridge  is  in 
6"  X  12"  X  36'  sticks,  it  was  necessary  to  obtain  it  from  country 
mills,  most  of  which,  in  that  region  at  least,  are  run  with  the  usual 
Southern  disregard  of  hurry,  so  the  delays  in  delivery  at  the  creo- 
soting  works  were  both  continuous  and  vexatious.  This  lumber 
being  furnished  under  the  main  contract  for  the  steel  bridge,  most 
of  the  vexation  fell  upon  the  local  sub-contractor,  who  was  no  doubt 
accustomed  to  it. 

The  process  of  creosoting,  while  simple  enough  to  one  who  has 
made  a  study  of  the  subject,  is  not,  however,  at  all  well  under- 
stood, as  is  attested  by  the  commercial  success  of  various  washes 
and  so-called  paints,  which  can  at  best  only  temporarily  retard 
decay. 

There  is  plenty  of  information  in  print  bearing  on  the  subject, 
but  so  effectively  scattered  through  various  issues  of  many  peri- 
odicals that  one  must  be  exceptionally  well  read  to  even  know  of 
its  existence,  much  more  to  know  where  to  look  for  it. 

In  brief,  the  process  used  in  this  case  was  as  follows :  First, 
the  lumber  was  inclosed  in  a  retort  and  steamed,  first  with  satu- 
rated steam,  to  open  the  pores  of  the  wood  and  dissolve  most  of 
the  putrescible  and  soluble  materials  wdiich  nourish  the  bacteria,  to 
whose  presence  decay  is  largely  due;  later  by  superheated  steam, 
Vv'hich  removes  the  turpentine  and  other  volatile  substances  from  the 
wood,  at  the  same  time  destroying  any  bacteria  already  present. 

Second,  the  air,  steam,  water,  turpentine,  etc.,  are  removed  by 
air  pumi)s,  the  temperature  being  meanwhile  maintained  by  steam 
pipes  in  the  retort,  the  exhausting  process  being  continued  several 
hours  until  the  exhaust  from  the  pump  shows  no  trace  of  turpentine. 

Third,  the  retort  is  filled  with  the  dead  oil  from  the  storage 
tanks,  and  enough  more  is  forced  in  to  fill  the  requirements  of  the 
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should  have  and  use 


The  Engineering  Index. 


Originally  started  by  Prof.  J.  B.  Johnson  in  the  Journal  of 
the  Association  of  Eng-ineering;  Societies,  this  great  work  has  been 
continued  since  1895  solely  by 

The  Engineering  Magazine. 


Prof.  Johnson  says  : — "  The  work  has  been 
far  better  performed  by  The  Engineering  Maga- 
zine, both  in  scope  and  thoroughness,  than  I 
was  ever  able  to  do." 


The  Engineering  Index  is  published  as  a  part  of  each  num- 
ber of  The  Engineering  Magazine  and  also  as  a  separate  publica- 
tion. In  the  latter  form  it  is  printed  on  only  one  side  of  the  paper 
for  the  use  of  those  who  wish  to  cut  it  up  for  card  index  purposes. 
The  subscription  price  of  either  publication  alone  is  $3.00  a  year; 
but  both  publications  will  be  sent  to  one  address  for  $4.00  a 
year.     Send  for  sample  copies. 
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PROCEEDINGS. 


Engineers'  Club  of  Minneapolis. 


The  144th  regular  meeting  of  the  Chib  \va^^  held  at  8  p.m.  on  May  20, 
1901,  at  its  permanent  quarters  in  the  County  Commissioners'  rooms,  in  the 
County  Court  House.  Seven  active  members  and  one  honorary  member,  Col. 
J.  T.  Fanning,  present. 

Reading    of    minutes    was    dispensed    with.     Mr.    Fanning's    paper    on 

"Canals  and  Canal  Devices"  was  discussed.     Mr.  D.  C.  Washburn  was  elected 

to  active  membership,  and  the  name  of  H.  D.  Lackore,  electrician  with  the 

Minneapolis  General  Electric  Company,  was  proposed.    The  new  constitution 

and  by-laws  of  the  Club,  as  amended,  were  then  read  and  adopted.     Mr. 

Sublette  was  appointed  as  a  committee  of  one  to  induce  engineers  at  Duluth, 

Minn.,  to  form  an  engineering  association. 

Adjourned. 

Edward  P.  Burch,  Secretary. 


CONSTITUTION     ANI>     BY-LAWS    OF   THE    ENGINEERS'^ 
CLUB  OF  3IINNEAPOLIS.* 


ARTICLE  I. 

NAME,    ETC. 

The  name,  style  and  title  by  which  this  Society  shall  he  known  will  be  the 
"Engineers'  Club  of  Minneapolis"  (that  is  to  say,  Minneapolis.  Minnesota). 
This  Constitution  and  By-Laws  appended  to  same  are  hereby  enacted  for  the 
government  of  the  Club. 

ARTICLE  II. 

OBJECTS   AND   PURPOSES. 

The  object  of  the  Club  will  be  to  discuss  the  various  subjects  embraced  irt 
the  term  engineering;  to  further  the  more  perfect  understanding  of  the  dif- 

*This  Constitution  and  By-Laws  was  read  and  adopted  at  the  regular 
meeting  of  the  Engineers'  Club  of  Minneapolis,  held  May  20.  1901.  that  being 
the  144th  meeting  of  the  Club.  Read  by  the  President,  Wm.  W.  Redfield, 
who  was  also  chairman  of  committee,  appointed  by  the  previous  President  to 
draft  a  new  Constitution  and  By-Laws. 
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ferent  methods,  appliances  and  materials  in  current  use;  to  examine  into  any 
or  all  achievements  and  failures  in  engineering  work,  and  thus  aid  in  the  pro- 
fessional improvement  of  members ;  in  promoting  the  general  benefit  of  the 
public;  and  also  in  facilitating  social  intercourse  among  engineers. 

ARTICLE  III. 

ELIGIBILITY. 

Civil,  mechanical,  electrical  and  other  engineers,  and  any  interested  in  the 
advancement  of  engineering,  who  shall  have  attained  the  age  of  twenty-one 
years,  and  who  are  known  to  be  in  good  standing,  shall  be  eligible  as  members 
of  either  class,  as  hereinafter  defined. 

ARTICLE  IV. 

GOVERNMENT. 

The  government  of  the  Club  shall  consist  of  a  President,  Vice-President, 
Secretary,  Treasurer  and  Librarian,  who  shall  be  elected  by  ballot  by  a  ma- 
jority of  the  voters  present  at  the  Annual  Meeting  of  the  Club,  and  who 
shall  hold  their  offices  until  others  are  elected  in  their  stead.  Any  vacancy 
occasioned  by  resignation,  death  or  otherwise,  may  be  filled  (by  a  special  elec- 
tion held  in  the  same  manner  as  the  above  election)  at  the  next  regular 
meeting,  after  due  notice  to  all  voters  of  such  vacancy. 

The  duties  of  the  government  shall  be  to  have  a  general  oversight  of  the 
affairs  of  the  Club ;  to  provide  for  literary  exercises  or  programs  of  the 
meetings,  and  to  arrange  for  any  special  function  that  may  occur;  in  all  of 
the  above,  they  mav  be  assisted  by,  or  their  powers  delegated  to  the  Com- 
mittee on  Entertainment.  Furthermore,  if  found  advisable,  the  offices  of 
Secretary  and  Treasurer  may  be  filled  by  the  same  person.  As  such  combina- 
tion would  cause  the  government  to  consist  of  only  four  (4)  active  mem- 
bers, it  would  be  necessary  that  a  fifth  member  of  the  government  be  chosen 
at  the  same  time  and  in  the  same  manner  as  that  of  the  election  of  the  other 
officers;  this  extra  office  only  holds  valid  as  long  as  the  offices  of  Secretary 
and  Treasurer  are  so  combined. 

ARTICLE  V. 

FINANCE    COMMITTEE. 

The  Finance  Committee  shall  be  composed  of  the  five  members  of  the 
government,  together  with  two  (2)  other  active  members  of  the  Club,  each 
chosen  by  a  majority  of  the  votes  cast  by  ballot  at  the  Annual  Meeting  of  the 
Club,  or  at  any  regular  meeting,  as  soon  as  practicable  after  the  adoption  of 
this  Constitution.  They  shall  hold  office  until  others  are  elected  in  their 
stead.  The  duties  of  this  committee  shall  be  to  recommend  to  the  Club  any 
special  assessments  or  appropriations  for  specific  purposes;  and  to  attend  to 
any  special  financial  business  of  the  Club. 

ARTICLE  VI. 

DUTIES   OF   OFFICERS. 

Section  i.  President.  The  duty  of  the  President  shall  be  to  attend  and 
preside  at  all  meetings  of  the  Club;  to  appoint  all  committees  (except  that  of 
Finance),  as  follows:  At  each  Annual  Meeting,  immediately  after  the 
termination  of  the  election  of  all  officers,  the  Finance  Committee,  and  all 
Representatives  to  the  Association  of  Engineering  Societies,   the  incoming 
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President  shall  appoint  the  Standing  Committees  on  Membership  and  Enter- 
ment,  and  also  such  other  additional  standing  committees  as  may  be  deemed 
necessary,  the  same  shall  also  be  done  at  any  regular  meeting  after  the 
adoption  of  this  Constitution.  Each  of  these  standing  committees  to  consist 
of  three  (3)  active  members  (not  officers  nor  those  serving  on  Finance  Com- 
mittee). The  members  of  standing  committees  serve  for  one  year,  or  until 
their  successors  are  appointed.  Other  special  committees  may  at  any  time  be 
appointed,  such  special  committees  only  serving  long  enough  to  accomplish 
the  purposes  for  which  they  were  appointed. 

The  President  shall  also  countersign  all  the  bills  against  the  Club  before 
they  are  paid ;  he  shall  make  an  advisory  message  and  report  upon  the  general 
condition  of  the  Club  at  the  Annual  Meeting  after  each  presidential  term ; 
he  shall  also  make  a  brief  inaugural  on  assuming  the  chair  when  not  his  own 
successor;  he  shall  notify  the  Vice-President  of  any  intended  absence  of  him- 
self from  any  meeting  of  the  Club;  and  also  notify  the  Secretary  of  any 
special  meeting  to  be  called. 

Sec.  2.  Vice-President.  The  duty  of  the  Vice-President  shall  be  to  pre- 
side at  all  the  meetings  at  which  the  President  is  unable  to  be  present ;  and  to 
be  President  pro  tcin.  whenever  the  President  is  absent  from  the  city. 

Sec.  3.  Secretary.  The  duty  of  the  Secretary  shall  be  to  be  present  at 
all  the  meetings  of  the  Club ;  to  record  the  proceedings  of  each  meeting  in  a 
minute  book,  and  to  read  the  minutes  of  any  meeting  at  the  next  regular 
meeting  held.  He  shall  see  that  copies  of  such  instructions  as  are  recorded  in 
the  minutes,  and  that  refer  to  any  officer,  committee,  or  member  are  sent  to 
the  proper  parties.  He  shall  read  the  names  of  such  candidates  as  may  be 
proposed,  in  correct  form,  for  membership,  as  early  as  one  (i)  regular 
meeting  previous  to  the  one  on  which  the  election  of  said  candidates  is  lo 
occur.  He  shall  notify  each  and  every  member  at  least  three  (3)  days  in 
advance  of  the  date  set  for  any  regular  meeting ;  but  notice  of  the  date  set 
for  the  Annual  Meeting  shall  be  sent  to  each  and  every  member  at  least  one 
w-eek  in  advance  of  the  date  set  for  said  Annual  Meeting.  At  this  Annual 
Meeting  he  shall  make  a  report  of  the  preceding  year.  Notifications  of 
special  meetings  are  to  be  sent  to  active  members  only;  unless  some  special 
reason  requires  the  presence  of  any  or  all  corresponding  and  honorary  mem- 
bers, in  which  case  the  members  concerned  are  also  to  receive  notifications. 
It  will  also  be  the  duty  of  the  Secretary  to  promptly  forward  a  properly 
condensed  copy  of  the  proceedings  of  every  regular  and  important  special 
meeting  to  the  Association  of  Engineering  Societies  for  publication  in  their 
journal;  this  means  also  a  copy  of  any  paper  or  communication  read  by  any 
member  at  any  meeting,  and  recommended  by  the  Club  for  publication  in  said 
journal ;  also  to  notify  the  city  papers  of  the  date  of  any  intended  meeting. 
In  consideration  of  the  personal  time  necessarily  devoted  by  him  to  the  affairs 
of  the  Club,  the  Secretary  is  exempt  from  all  dues  while  holding  said  office. 
If  the  duties  of  the  Secretary  should  at  any  time  become  so  great  as  to  make 
it  necessary,  he  may,  with  the  approval  of  a  majority  of  active  members 
present  at  any  regular  meeting,  appoint  any  active  member  (not  a  member  of 
the  Finance  Committee)  to  be  Assistant  Secretary,  said  Assistant  Secretary 
to  act  as  Secretary  during  the  absence  of  that  officer,  but  shall  neither  be  con- 
sidered as  an  officer,  nor  as  a  member  of  the  Government  nor  Finance  Com- 
mittee. His  term  shall  always  expire  at  the  Annual  Meeting  following  his 
appointment  and  confirmation.     In  case  the  offices  of  Secretary  and  Treasurer 
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are  combined,  according  to  Article  IV  of  this   Constitution,  the   Assistant 
Secretary  shall  also  be  Assistant  Treasurer. 

Sec.  4.  Treasurer.  The  duty  of  the  Treasurer  shall  be  to  keep  a  ledger 
account  of  all  financial  transactions  of  the  Club  with  every  member,  and  others 
indebted  or  credited ;  to  cause  the  Secretary  to  send  to  each  newly  elected 
member  a  receipt  for  his  initiation  fee.  and  to  cause  the  Secretary  to  send 
receipts  for  other  dues  from  all  members  on  payment  of  same,  and  to  cause 
the  Secretary  to  notify  each  member  at  least  two  weeks  in  advance  of  the  date 
on  which  any  dues  are  oayable. 

He  is  himself  to  notify  each  member  who  fails  to  pay  his  dues  on  the 
date  called  for,  and  failing  to  receive  said  delinquent  dues  within  thirty  (30) 
days  after  such  notice  has  been  sent,  he  is  to  hand  their  names  to  the  Finance 
Committee.  He  is  to  deposit  any  surplus  funds  of  the  Club  in  such  bank  or 
banks  as  the  Finance  Committee  shall  direct,  and  to  make  such  investments  as 
the  Finance  Committee,  on  ratification  by  the  Club,  may  determine.  He  is 
to  pay  all  bills  against  the  Club  that  are  countersigned  by  the  President,  and 
to  give  receipts  for  all  moneys  paid  to  him,  to  whomsoever  said  receipts  are 
due.  He  is  to  keep  an  accurate  account  of  all  his  transactions  for  the  Club, 
and  must  submit  an  annual  financial  report.  If  found  expedient,  at  any  time, 
either  temporarily  or  permanently,  the  offices  of  Secretary  and  Treasurer  may 
be  filled  by  the  same  person,  in  accordance  with  Article  IV  of  this  Constitu- 
tion. 

Sec.  5.  Librarian.  The  duty  of  the  Librarian  shall  be  to  take  entire 
charge  of  the  library  of  the  Club,  and  to  see  that  all  books  and  pamphlets 
and  maps  and  other  library  property  are  marked  with  the  name  of  the  Club, 
and  numbered  and  recorded  in  a  catalogue.  In  respect  to  the  management  of 
the  library,  he  shall  conform  to  such  regulations  as -may  be  prescribed  by  the 
Club. 

ARTICLE  VII. 

AUDITOR. 

At  each  Annual  Meeting  of  the  Club  the  incoming  President  shall  appoint 
an  Auditor  whose  duty  shall  be  to  audit  the  accounts  of  the  Treasurer  for 
previous  fiscal  year  up  to  the  date  said  x^uditor  is  appointed,  and  then  certify 
as  to  the  accuracy  of  the  accounts. 

ARTICLE  VIII. 

REPRESENTATION  IN  THE  ASSOCIATION  OF   ENGINEERING  SOCIETIES. 

In  order  that  the  Club  may  have  an  organ  to  represent  it  in  the 
matter  of  publishing  its  proceedings  or  any  communications  furnished  by 
members  of  the  Club,  the  Club  has  affiliated  itself  with  what  is  called  the 
"Association  of  Engineering  Societies."  This  Association  publishes  a  jour- 
nal in  which  appear  the  proceedings  of  and  papers  or  other  communications 
furnished  by  the  members  of  the  component  societies.  Each  Society  is 
entitled  (according  to  the  number  of  members  composing  the  same),  to  send 
one  or  more  of  their  active  members  as  Representatives  to  said  Association. 
Accordingly,  at  each  Annual  Meeting  of  this  Club,  after  the  election  of  the 
sixth  and  seventh  members  of  the  Finance  Committee,  any  active  member  or 
members  as  required  (other  than  those  on  Finance  Committee)  may  be 
elected  by  ballot  (in  the  same  manner  as  are  the  officers)  for  Representative 
or  Representatives  to  the  Association  of  Engineering  Societies. 
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ARTICLE  IX. 

AHMISSION,    ELECTION    AND    DUTIES   OF    MEMHERS. 

Section  i.  .Ictivc  M outers.  The  name  of  every  candidate  for  active 
membership  shall  be  proposed  by  two  (2)  active  members  of  the  Club,  and 
the  signatures  of  the  applicant  and  those  of  his  two  proposers  shall  be  written 
upon  the  proper  blank  application  furnished  by  the  Secretary.  This  applica- 
tion, properly  filled  out  and  signed,  shall  be  filed  with  the  Secretary,  and  ac- 
companied with  the  initiation  fee.  The  Secretary,  as  soon  thereafter  as 
practicable  will  deliver  to  applicant  a  receipt  for  initiation  fee,  obtaining  the 
receipt  from  the  Treasurer  on  deposit  of  initiation  fee  with  him.  In  case 
applicant  fails  of  being  elected  into  the  Club,  this  receipt  on  indorsement  by 
the  Secretary,  will  become  an  order  on  the  Treasurer  for  a  refunding  of  the 
initiation  fee. 

At  the  next  regular  meeting  of  the  Club,  after  receipt  by  Secretary  of 
the  application  properly  drawn  up  and  completed,  w-ith  accompanying  fee, 
the  Secretary  will  read  the  names  of  the  applicants  and  their  proposers,  and 
blank  ballots  (with  names  of  candidates  and  proposers  placed  thereon,  and 
a  place  to  cross  oflf  "Yes"  or  "No"  printed  opposite  each  candidate's  name), 
must  be  sent  to  all  active  members  not  later  than  the  day  after  the  meeting. 
The  ballots  when  properly  marked  and  filled  out,  wmII  be  inclosed  in  ballot 
envelopes,  sealed,  and  then  promptly  sent  back  to  the  Secretary  before  the 
following  regular  meeting.  At  the  latter  meeting  the  ballots  will  be  opened 
before  the  Club,  and  a  two-thirds  vote  of  the  entire  ballots  received  (a  quorum 
voting)  will  elect  a  candidate.  At  the  close  of  said  meeting  the  Secretary 
will  furnish  to  each  newly  elected  member  a  card  or  certificate  of  member- 
ship, signed  by  the  President  and  Secretary  of  the  Club.  Every  duly  elected 
active  member  has  full  privileges  of  voting  and  holding  office,  and  shall  be 
liable  for  all  his  dues  and  special  assessments,  and  shall  be  considered  an 
active  member,  and  so  liable  until  his  resignation  has  been  sent  to  the  Secre- 
tary and  accepted  by  the  Clvib ;  provided,  Iiozvever,  that  no  resignation  can  be 
accepted  until  all  dues  in  arrears  be  paid. 

Sec.  2.  Corresponding  Members.  Any  person  qualified  for  eligibility  as 
mentioned  in  Article  III,  of  the  Constitution,  and  who  does  not  desire  to  be 
an  active  member,  may  become  a  corresponding  member  in  the  same  manner 
as  provided  for  active  members.  They  shall  be  voted  for  by  active  members 
only.  Corresponding  members  have  all  the  privileges  of  active  members, 
except  voting  and  holding  office.  They  may,  however,  serve  on  any  commit- 
tee (except  that  of  Finance),  at  the  discretion  of  the  President.  If  the  Club 
so  desires,  corresponding  members  may  vote  occasionally  on  matters  con- 
cerning particularly  their  class  of  membership;  or  on  questions  where  ex- 
pediency may  call  for  their  vote,  but  such  vote  shall  only  be  given  (on  special 
assent  of  active  members)  to  corresponding  members  present  at  any  meeting 
at  which  such  assent  be  given.  They  shall  be  subject  to  no  dues  except  the 
initiation  fee,  and  a  nominal  annual  assessment,  the  amount  of  same  to  be 
determined  upon  by  the  Club. 

Sec.  3.  Honorary  Members.  Any  engineer  who  has  achieved  marked 
distinction  by  reason  of  his  professional  attainments  may  be  proposed  in 
writing  by  two  active  members  as  an  honorary  member;  said  proposal  having 
been  read  by  the  Secretary  at  any  regular  meeting.  Notice  must  then  be  sent 
by  Secretary  to  all  active  members  absent  from  that  meeting.  At  the  fol- 
lowing regular  meeting  the   candidate   proposed   for   honorary   membership 
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may  be  elected  by  a  unanimous  viva  voce  vote  of  the  active  members  present. 
Honorary  members  shall  be  exempt  from  all  dues  and  assessments ;  shall  not 
pay  an  initiation  fee;  may  attend  and  participate  in  literary  exercises  at  all 
regular  meetings;  join  in  all  excursions  or  functions,  but  may  not  vote  nor 
hold  office,  and  shall  not  serve  on  any  committee,  except  at  the  discretion  of 
the  President  should  expediency  warrant  it.  The  Club,  if  it  sees  fit,  may 
establish  a  limit  to  the  number  of  honorary  members  permitted  to  be  in  the 
Club;  or  to  prescribe  a  limit  to  the  number  elected  during  any  one  year. 

ARTICLE  X. 

QUORUM. 

At  any  regular  meeting  of  the  Club  five  (5)  active  members  shall  consti- 
tute a  quorum  for  the  transaction  of  business. 

ARTICLE  XI. 

.ALTERATIONS    TO   THIS   CONSTITUTION. 

Any  alteration  to  this  or  any  preceding  article  of  this  Constitution, 
whether  it  be  addition,  subtraction,  revision  or  amendment,  may  be  made  by 
a  two-thirds  vote  of  all  the  active  members  who  vote  upon  the  same ;  provided 
that  a  copy  of  each  and  every  proposed  alteration,  together  with  a  notice 
(stating  the  time  set  for  said  proposed  alteration  to  be  voted  upon)  shall  have 
been  sent  to  each  active  member  at  least  one  month  before  the  time  set  for 
voting  thereon.  Each  and  every  alteration  as  then  proposed  must  be  read  by 
the  Secretary  before  the  Club  at  two  consecutive  regular  meetings.  Ballots 
may  be  opened  after  the  discussion  at  the  second  reading. 


By-Laws. 

ARTICLE  I. 

REGULAR    MEETINGS. 

The  regular  meetings  of  the  Club  shall  be  held  on  the  third  Monday  of 
each  month  in  the  year  at  8  o'clock  p.m.  If,  however,  reasons  of  expediency 
occur  for  changing  the  day,  week  or  hour,  either  or  all  may  be  so  changed. 

ARTICLE  II. 

ORDER  OF   BUSINESS. 

The  following  Order  of  Business  shall  be  observed  at  all  regular  meet- 
ings, unless  set  aside  by  a  four-fifths  vote  of  active  members  present ;  except 
the  reading  of  the  minutes,  which  is  not  to  be  omitted,  except  by  a  unanimous 
vote  of  those  present. 

1.  The  reading  of  the  minutes  of  the  previous  meeting. 

2.  Reading  proposals  for  new  members;  balloting  for  new  members, 
previously  proposed. 

3.  Unfinished  business. 

4.  New  business;  reports  of  committees. 

5.  Literary  exercises. 

ARTICLE  III. 

SPECIAL    MEETINGS. 

The  President  may  call  a  special  meeting  of  the  Club,  when  he  deems  it 
expedient,  and  shall  be  bound  to  do  so  at  the  written  request  of  three  (3) 
active  members,  stating  the  purposes  of  such  meeting. 
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ARTICLE  IV. 

DONATIONS    AND   RECORD   TIIEKKOI". 

A  record  of  all  donations  to  the  Club,  whether  in  money,  books,  maps, 
models  or  other  articles  of  value,  with  the  names  of  the  donors  shall  be  en- 
tered by  the  Secretary  in  a  book  provided  for  that  purpose,  and  to  be  kept  in 
the  rooms  of  the  Club ;  the  articles  themselves  being  turned  over  to  the  cus- 
tody of  the  proper  officers,  and  the  Secretary  shall  acknowledge  to  the  donors 
the  receipt  of  the  donations,  with  the  thanks  of  the  Club. 

ARTICLE  V. 

VISITORS. 

Any  person,  not  a  member,  may  be  introduced  to  the  rooms  of  the  Club, 
or  be  invited  to  any  of  the  regular  meetings  of  the  Club,  by  any  member,  and 
all  visitors  are  requested  to  register  their  names  in  a  book  provided  for  that 
purpose. 

ARTICLE  VI. 

CARE   OF   PROPERTY. 

No  property  of  the  Club  shall  be  removed  from  the  custody  of  those  lo 

whom  any  such  property  is  intrusted,  until  the  trust  is  relieved  by  action  of 

the  Club. 

ARTICLE  VII. 

RULES    FOR   LIBRARY. 

The  Librarian  may  make  necessary  rules  for  the  use  of  the  library,  sub- 
ject to  the  approval  of  the  Club. 

ARTICLE  VIII. 

ADDITIONS    TO   OR   DUPLICATIONS   OF   BOOKS    IN    LIBRARY. 

A  book  shall  be  kept  by  the  Librarian  in  which  members  may  enter  the 
titles  of  any  book  or  books  they  may  wish  to  be  added  to  the  library  or  dupli- 
cated, and  the  Librarian  is  to  report  thereon  for  action  of  the  Club  at  each 
regular  meeting  should  occasion  arise. 

ARTICLE  IX. 

ACCESSIBILITY   OF   RECORDS. 

The  records  of  the  Club  shall  at  all  times  be  accessible  to  any  or  all  mem- 
bers, at  seasonable  hours. 

ARTICLE  X. 

MANUSCRIPTS    FOR   PUBLICATION. 

A  copy  of  any  communication  from  a  member,  if  ordered  to  be  printed 
by  the  Club  shall  be  furnished  to  the  Secretary  by  the  author  thereof  on  due 
notice  to  him  by  the  Secretary. 

ARTICLE  XL 

LETTERS   OF   MEMBERSHIP, 

Letters  of  membership  shall  be  issued  to  any  member  of  good  standing 
who  may  wish  to  visit  other  similar  Clubs  or  Societies  in  other  cities. 

ARTICLE  XII. 

DUES   AND   ASSESSMENTS. 

The  initiation  fee  shall  be  three  (3)  dollars,  and  viitst  accompany  every 
application  for  active  or  corresponding  membership  filed  with  the  Secretary. 
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No  annual  dues  arc  called  for  until  the  Annual  Meeting  following  the 
payment  of  initiation  fee.  The  initiation  fee  covers  the  cost  to  all  active 
members  of  a  subscription  to  the  Journal  of  the  Association  of  Engineer- 
ing Societies  for  the  balance  of  the  current  year  in  which  the  initiation  fee  is 
paid.  To  active  members  the  subscription  is  continued  as  long  as  annual 
dues  are  paid  promptly. 

Corresponding  members,  if  they  desire  the  Journal  are  entitled  to  the 
same  on  payment  of  the  subscription  price  of  $3  per  annum.  To  honorary 
members  it  is  sent  free,  commencing  at  the  time  of  their  reception  into  the 
Club. 

The  annual  dues  for  active  and  also  for  corresponding  members  will  be 
as  approved  of  by  the  Club,  on  recommendations  made  from  time  to  time  by 
the  Finance  Committee. 

Special  assessments  are  made  to  active  members  only :  and  then  only  after 
a  two-thirdb  vote  of  the  active  members  present  at  any  regular  meeting;  pro- 
vided that  notice  of  recommendation  of  same  by  Finance  Committee  shall 
have  been  sent  to  all  active  members  one  month  previous  to  the  regular 
meeting  set  for  vote  upon  said  special  assessment. 

ARTICLE  XIII. 
members  delinquent  as  to  their  dues. 
Active  or  corresponding  members  who  are  delinquent  in  their  dues  for 
over  six  months,  may,  if  the  Club  think  expedient,  be  dropped  from  the  rolls. 

ARTICLE  XIV. 
expulsion. 
A  member  may  be  expelled  from  the  Club  by  a  two-thirds  vote  of  the 
active  members  present  at  any  regular  meeting,  a  quorum  voting;  a  notice 
stating  causes  of  such  proposed  expulsion  having  been  sent  by  the  Secretary, 
at  least  one  month  previous,  to  all  active  members,  including  the  members 
proposed  to  be  expelled ;  provided  alzvays  that  on  written  application  to  the 
Secretary  said  member  will  be  given  a  hearing,  before  action  is  taken  by  the 
Club ;  and  provided  also,  that  no  movement  toward  expulsion  take  place  until 
after  a  formal  resolution  of  censure  has  been  passed  by  the  Club  upon  the 
member  proposed  for  expulsion. 

ARTICLE  XV. 

blanks  and  forms. 
The  Secretary  shall  provide  for  all  necessary  blanks  and  forms  to  be  used 
by  the  Club,  but  the  forms  of  application  for  membership  and  certificates  of 
nu-mbeiship  shall  be  approved  of  by  a  majority  of  votes  of  all  the  active  mem- 
bers present  at  any  regular  meeting;  provided  that  in  sending  notice  of  such 
meeting,  the  Secretary  will  state  thereon  the  fact  that  such  forms  will  be  pre- 
sented for  approval. 

ARTICLE  XVI. 

amendments. 
These  By-Laws  may  be  amended  by  a  two-thirds  vote  of  the  active  mem- 
bers p'esent  at  any  regular  meeting,  a  quorum  voting;  provided  that  the 
amendments  were  proposed  at  the  previous  regular  meeting,  and  that  the  pro- 
posed amendment  or  amendments  be  stated  on  the  notices  sent  by  the  Secre- 
tary announcing  the  date  of  the  regular  meeting  at  which  action  upon  such 
amendment  or  amendments  is  to  take  place. 


PROCEKIMX(;S  II 

PAST  OFFICKRS  OF  TIIR  CLUB. 

ENCIN'KKKS'    CLL'H    OK     MINNESOTA. 
UATK  Ol'  SkCRKTARY  AND 

Election.        Prksidknt.  X'ich-Prksidkni  ,  Trkascrkr.  Librarian. 

May  iS,  1883... Andrew  Kiiiker VVm.  de  la  Bairc Win.  A.  I'ikc Ceo.  O.  Foss. 

Jan.  25,  iS8.t...\Vm.  de  la  Karre Geo.  VV.  Cooley Wm.  A.  Pike Geo.  O.  Foss. 

Jan.   16,  i8S5...Geo.  W.  Cooley E.  T.  Abbott VVm.  A.  Pike \V.  \V.  Redfield. 

Jan.     8,  1886... D.  P.  Waters E.  T.  Abbott VV.  S.  Pardee W.  W.  Redfield. 

Jan.    14,  1887. ..Geo.  W.  Sublette John  H.  Harr W.  S.  Pardee. 

THE   iMINXEATOLIS  SOCIETY  OF  CIVIL    E.VOINEERS. 

Datk  ok  Ass't  Skc. 

Election.  President.  Vice-Presidi-;nts.    SECRiiTARv.       and  Treas.  LinRARiAN. 

Feb.    I.  18S8...VV.  A.  Pike  I  ^^''  ^:  ^.^'-  Abbot"^}  ^  ^-  Pa«'ee -C.  O.  Huntress. ..VV.  VV.  Redfield. 
Jan.     2,  1SS9...VV.  A.  Pike|^^''^'-^y-,f^j'^'^Yy*'}^'^'-  ^    Hoas  ■ -C.  O.  Hunlixss...  W.  VV.  Re.lfield. 

engineers'   club  OF    MINNEAPOLIS,    MINN. 

Date  OF  Secretary  and 

Election.         President.  VicE-PRESiOKsr.  Treasurer,  Librarian. 

May    7,  1890. ..VV.  A.  Pike Wm.  de  la  Barre F.  W.  Cappclcn VV.  VV.  Redfield. 

Jan.   15,  1891. ..W.  A.  Pike T.  P.  A.  Howe F.  VV.  Cappeleii A.  B.  Coe. 

Jan.     7,  1S92...VV.  A.  Pike W.  VV.  Redfield F.  W.  Cappelen A.  B.  Coe. 

Jan.    12,  1S93...F.  W.  Cappelen J.  M.  Hazen Elbert  Xexsen .A.  B.  Coe. 

Jan.   15,  1S94...F.  W.  Cappelen J.  M.  Hazen Elbert  Nexsen A.  B.  Coe. 

Mar.iS,  1895... F.  VV.  Cappelen I.  E.  Howe Elbert  Nexsen A.  B.  Coe. 

Mar.   2,  1896... F.  VV.  Cappelen L  E.  Howe Elbert  Nexsen A.  B.  Coe. 

Jan.  26,  1897. ..F.J.  Llewellyn I.  E.  Howe Elbert  Nexsen A.  B.  Coe. 

Feb.  14,  1898. ..F.  W.  Cappelen I.  E.  Howe Harry  E.  Smith VV.  VV.  Redfield. 

Apr.  10,  1S99...F.  W.  Cappelen E.  H.  Loe Harry  E.  Smith W.  VV.  Redfield. 

Jan.   22,  1900.. .G.  VV.  Sublette C.  L.  Pillsbury Harry  E.  Smith W.  VV.  Redfield. 

Jan.    15,  1901...VV.  W.  Redfield C.  L.  Pill.sbury Edward  P.  Burch Jas.  E.  Carroll. 


-May  9.  1X84,  CIul)  voted  to  join  the  Association  of  Engineering  Societies. 

-MEMBERS  OF  THE  BOARD  OF   MANAGERS,   ASSOCIATION   OF   ENGINEERING   SOCIETIES, 
WITH   DATE  OF  ELECTION. 

July  18.  1884,  Geo.  W.  Cooley. 
January  8.  1886.  Geo.  W.  Cooley. 
January  14,  1887,  Geo.  W.  Cooley. 
February  i,  1888,  Andrew  Rinker. 
January  2,  1889,  Wm.  de  la  Barre. 
May  7,  1890,  Andrew  Rinker. 
January  15.  1891,  Andrew  Rinker. 
January  7,  1892.  Elbert  Nexsen. 
January  12,  1893.  Wm.  A.  Pike. 
January  15,  1894,  Wm.  A.  Pike. 
March  15.  1895.  Wm.  A.  Pike. 
February  3.  1896.  Geo.  D.  Shepardson. 
January  26.  1897,  Geo.  D.  Shepardson. 
February  14,  1898.  Geo.  D.  Shepardson. 
April  10.  1899.  Geo.  D.  Shepardson. 
January  22,  1900.  W.  R.  Hoag. 
January  15.  1901,  W.  R.  Hoag. 
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ORIGINAL   CHARTER    MEMBERS. 

Andrew  Rinker,  Great  Falls,  Mont. 

Wm.  de  la  Barre,  Supt.  St.  Anthony  Water  Power  Co.,  Minneapolis,  Minn. 
fWM.  A.  Pike,  State  University,  Minneapolis,  Minn. 

IJas.  Waters,  Chief  Engineer  Board  of  Water  Commissioners,   Minneapo- 
lis, Minn. 

Wm.  W.  Redfield,  Engineer  Water  Department,  Minneapolis,  Minn. 

Geo.  O.  Foss,  Civil  Engineer  and  Contractor,  Minneapolis,  Minn. 

I.  C.  Patterson,  Civil  Engineer. 

H.  M.  WaitTj  Civil  Engineer. 

E.  T.  Abbott,  Civil  Engineer,  Minneapolis,  Minn. 

W.  E.  Weston. 

G.  W.  Sturtevant. 

S.  H.  Baker. 

Geo.  H.  White. 

C.  E.  Sprague. 

W.  D.  Van  Duzee. 

Geo.  W.  Cooley,  Civil  Engineer  and  Surveyor,  Minneapolis,  Minn. 

M.  D.  Rhame,  Civil  Engineer  C.  M.  and  St.  Paul  Ry. 
fNow  deceased. 
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PROCEEDINGS. 


Boston  Society  of  Civil  Enerlnoers. 


BosTox,  Mass.,  September  i8,  1901. — A  regular  meeting  of  the 
Boston  Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Trernont 
Temple,  at  7.50  o'clock  p.m.  President  Bidwell  in  the  chair;  forty-five 
members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Charles  H.  Dodd,  Hardy  S.  Ferguson,  Walter  B.  Foster  and 
Harry  A.  Storrs  were  elected  members  of  the  Society. 

On  motion  of  Mr.  Higgins,  the  thanks  of  the  Society  were  voted  as 
follows:  To  Messrs.  Winston  Brothers  and  Locher,  contractors  at  the 
Wachusett  Dam,  Clinton,  for  courtesies  shown  at  the  excursion  on  July 
24;  to  Mr.  E.  B.  Winslow,  of  the  Portland  Stoneware  Co.,  for  courtesies 
and  generous  entertainment  during  the  excursion  to  Portland  on  August 
17,  and  to  the  Fore  River  Ship  and  Engine  Co.,  for  courtesies  extended 
this  afternoon  during  the  visit  to  the  plant  of  that  company. 

In  connection  with  the  vote  of  thanks  to  Mr.  Winslow,  the  President 
thought  a  concise  statement  of  what  we  engineers  learned  on  our  visit 
to  Portland,  Me.,  of  August  17,  1901,  about  the  Portland  Drain  and  Sewer 
Pipe,  would  be  of  interest  to  all  engineers,  as  in  almost  all  construction 
the  matter  of  drainage  must  be  taken  into  account,  and  he  therefore  sub- 
mitted the  following  notes: 

First,  we  found  that  about  three-quarters  of  the  clay  used  came  from 
New  Jersey,  at  a  far  greater  cost  than  the  remaining  one-quarter,  which 
came  from  ground  within  easy  reach  of  the  works;  and  that  the  New 
Jersey  clay  made  a  body  that  would,  in  stacking  and  burning,  keep  its 
shape,  but  pipe  made  wholly  from  the  home  clay  would  melt  down;  and 
that  a  mixture  of  the  two  gave  the  best  results,  as  explained.  From  this  it 
would  appear  that  if  the  pipes  were,  when  burned,  in  proper  form,  too 
m"ch  of  the  cheaper  clay  had  not  been  used.  Of  course,  the  manufacturer 
would  use  as  much  of  the  cheaper  clay  as  possible  and  make  a  perfect 
pipe;  and,  as  this  clay  causes,  when  baked,  the  vitrification,  the  purchaser 
would,  if  he  had  no  other  guarantee,  be  quite  sure  that,  if  the  pipe  was 
in  good  shape  and  well  baked,  requiring  only  a  simple  inspection,  he  would 
get  a  strong  and  durable  pipe.  We  also  found  that  those  pipes  which  were 
placed  next  the  walls  of  the  kiln,  although  when  baked  in  windy  or  bad 
weather,  would  show  a  little  lighter  in  color,  the  vitrification  was  even 
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deeper  than  on  those  of  a  darker  color,  which  is  an  indication  that  they 
might  be  even  more  durable  when  light  in  color. 

Further,  we  found  that  where  formerly  a  large  part  of  the  work  was 
piecework,  now  very  nearly  all  is  daywork;  and  that  to  obtain  the  most 
perfect  product  a  very  much  less  number  of  pieces  were  required  for  a 
good  day's  work  from  a  workman  than  were  formerly  turned  out  under 
the  piece  system,  notably  in  one  case  that  of  fitting  and  placing  the 
branches,  about  125  being  expected  where  the  same  workman  had  under 
the  piece  system  finished  about  275  in  a  day,  the  object  being  to  have  each 
pipe  as  perfect  as  possible  when  it  left  the  manufactory. 

We  also  found  that  a  die  was  partly  made  for  producing  a  thirty-six- 
inch  pipe,  three  feet  in  length  and  three  and  one-quarter  inches  in  thick- 
ness. The  use  of  vitrified  pipe  is  constantly  increasing,  and  we  were  told 
by  the  City  Engineer  of  Portland  that,  notwithstanding  the  largely  in- 
creased plant  and  output,  he  could  not  get  a  promise  of  delivery  of  twelve- 
inch  pipe  in  less  than  three  weeks.  One  of  the  reasons  for  this  increased 
use  over  brick  for  sewers  or  drains  is  the  smoother  surface  making  less 
danger  of  clogging,  and  the  fact  that  they  can  be  placed  by  an  intelligent 
man  who  could  not  command  more  than  one-half  a  brick  mason's  wages. 

As  to  the  paving  brick,  we  found  them  quite  strong  and  apparently 
made  and  baked  with  great  care,  and  made  a  very  neat  pavement.  Some 
of  our  party  seemed  to  think  it  doubtful  whether  they  would  stand  under 
our  Boston  trucking,  which  is  said  to  be  heavier  than  in  almost  any  other 
city.  They  have,  however,  been  in  use  under  heavy  traffic  at  some  place 
in  Portland  for  three  years  and  with  slight  wear;  but  this  paving  we  did 
not  see.  Although  more  readily  laid  than  granite,  it  is  yet  to  be  de- 
termined whether  they  will  replace  granite  where  it  can  readily  be  ob- 
tained, although  the  cost  is  less  per  square  yard.  In  such  places  where 
the  granite  could  not  be  readily  had,  certainly  it  would  seem  that  they 
will  be  used,  and  they  would  work  in  well  and  make  very  neat  approaches 
to  buildings  and  drives  across  sidewalks,  etc. 

Mr.  R.  S.  Hale  offered  the  following  resolution,  which  was  adopted: 

Whereas,  It  is  probable  that  the  American  Society  of  Mechanical 
Engineers  will  hold  its  semi-annual  meeting  of  1902  at  Boston, 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  will  cordially 
welcome  the  American  Society  of  Mechanical  Engineers  to'  this  city. 

Resolved,  That  the  Board  of  Government  be  authorized  to  appoint  a 
committee  of  five  which  committee  shall  have  power  to  fill  vacancies  and 
add  to  its  numbers,  to  co-operate  with  the  local  members  of  the  American 
Society  of  Mechanical  Engineers. 

The  paper  of  the  evening  was  read  by  Mr.  Arthur  S.  Tuttle,  entitled 
'"The  Abolition  of  Grade  Crossings  on  the  Providence  Division  of  the 
New  York,  New  Haven  and  Hartford  Railroad  between  Boston  and 
Dedham." 

The  paper  was  illustrated  by  numerous  lantern  slides.  In  the  dis- 
cussion which  followed  the  reading  of  the  paper,  Messrs.  Rollins,  Fitz- 
gerald and  Tuttle  took  part. 

On  motion  of  Mr.  Kimball,  the  thanks  of  the  Society  were  voted  to 
Mr.  Tuttle  for  his  very  interesting  paper. 

Adjourned. 

S.  E.  TiNKH.\M,  Secretary. 


PROCEEDINGS. 
Kiif»:iiuu'rs''  (liih  olSt.    L<Mri>. 


529TH  Meeting,  September  iS,  1901.— Held  at  lOoo  Locust  street, 
President  Spencer  presiding.  Attendance,  twenty-four  members  and  four- 
teen visitors.  Minutes  of  the  S28th  meeting  were  read  and  approved. 
Minutes  of  the  312th  and  3i3tli  meetings  of  the  Executive  Committee 
wore  read. 

The  applications  for  membership  of  Roderick  H.  Tait,  Alexander  S. 
Langsdorf,  Benjamin  Charles  Milner,  Jr.,  and  Tyron  Ervin  Beebe  were 
read  and  referred  to  the  Executive  Committee. 

On  ballot,  John  Innerarity  Boggs  was  elected  to  membership. 

A  letter  was  read  from  a  committee  of  the  Missouri  Historical 
Society  with  reference  to  securing  among  the  buildings  of  the  Louisiana 
Purchase  Exposition  a  fireproof  building  to  be  used  for  housing  the  col- 
lections and  libraries  of  the  Missouri  Historical  Society,  Academy  of 
Science  of  St.  Louis,  and  other  scientific  societies. 

On  motion  of  Mr.  Ockerson,  the  following  resolutions  were  adopted : 

Whereas,  It  is  understood  that  an  effort  is  being  made  to  secure, 
among  the  buildings  needed  for  the  Louisiana  Purchase  Exposition,  one 
of  fireproof  materials,  suitably  located,  and  to  be  used  after  the  Expo- 
sition for  the  housing  in  an  accessible  and  instructive  manner  of  the 
libraries  and  collections  of  the  Missouri  Historical  Society,  the  Academy 
of  Science  of  St.  Louis,  and  other  organizations  devoted  to  history, 
archreology,  natural  historj',  and  other  pure  and  appli  d  sciences,  and  for 
meeting  places  for  such  organizations. 

Resolved,  That  the  Engineers'  Club  of  St.  Louis  is  heartily  in  favor 
of  such  effort  and  indorses  the  proposed  ends,  which,  it  is  believed,  are 
in  the  best  interests  of  the  community  at  large. 

Resolved,  further,  That  a  committee  of  three  be  appointed  by  the  chair 
without  delay,  authorized  to  represent  this  body,  in  connection  with 
similar  committees  appointed  by  other  organizations,  in  such  action  as 
may  be  necessary  to  secure  the  desired  end. 

Mr.  J.  A.  Ockerson  then  read  a  paper  entitled  ''The  J^Iississippi 
River:    Physical  Characteristics  and  Methods  of  Improvements." 

He  gave  a  general  description  of  the  river  and  of  the  methods  used 
to  improve  navigation  and  prevent  overflow. 

He  gave  statistics  showing  the  traffic  and  tonnage  on  the  river,  and 
showed  that  while  the  traffic  is  now  a  much  smaller  percentage  of  the 
total  of  adjacent  territory,  it  is  still  nearly  as  large  as  it  was  at  its  prime. 
The  paper  was  accompanied  by  a  large  number  of  lantern  slides,  showing 
objects  of  interest  along  the  river  and  illustrating  methods  used  in  its 
improvement. 

On  invitation  of  the  president,  Mr.  A.  V.  A.  Brueggeman,  president 
of  the  Architectural  Club,  addressed  the  club  with  reference  to  obtaining 
downtown  quarters  in  conjunction  with  the  Architectural  Club  and  the 
St.  Louis  Chapter  of  the  American  Institute  of  Architects. 

Adjourned. 

A  light  lunch  was  provided  in  the  library  room  by  the  entertainment 

committee. 

George  L  Boutox,  Secretary  pro  tein. 
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Montana  Society  of  Engineers. 


A  REGULAR  meeting  of  the  Montana  Society  of  Engineers  was  held  in 
Rooms  i6  and  17,  Tuttle  Block,  Butte,  Mont.,  on  September  14,  1901.  The 
following  members  were  present :  Messrs.  Harper,  Patterson,  Blackford, 
Putnam,  Blossom,  McArthur,  Strasburger  and  R.  R.  Vail.  Visitors,  Messrs. 
Summers  and  Brotherton.  Mr.  F.  W.  Blackford  was  elected  chairman  pro 
tein. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  Eugene  Sickles  then  gave  a  very  interesting  talk  on  the  subject  of 
"Electrical  Current  Transmission." 

Moved  and  seconded  that  the  Society  adjourn  until  8  p.m.,  September  21, 
1901.     Carried. 

On  September  21,  the  Society  met  at  their  headquarters  with  the  follow- 
ing present :  Messrs.  Blackford,  Christian,  Harper,  Moulthrop,  Leonard, 
Patterson,  McArthur,  Flood,  Koberle,  Dunshee  and  R.  R.  Vail.  Mr.  Chris- 
tian, First  Vice-President,  in  the  chair. 

A  committee  of  three  was  appointed  to  nominate  officers  for  the  ensuing 
year  as  follows :  Messrs.  F.  W.  Blackford,  C.  W.  Goodale  and  Samuel 
Barker,  Jr. 

A  short  discussion  of  the  financial  condition  of  the  Society  followed. 
Moved  by  Mr.  Blackford  and  seconded  by  Mr.  Harper,  that  the  Secretary  be 
instructed  to  prepare  statement  of  accounts  with  an  estimate  of  expenses  and 
present  to  the  trustees  for  their  consideration.     Carried. 

Society  adjourned. 

Richard  R.  Vail,  Secretary. 
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Tecliiiioal  Society  of  the  Pjifilio  CoMst. 


Regul.vr  Meeting.  August  2,  1901. — Called  to  order  at  8.30  p.m.  by 
Past-President  C.  E.  Grunsky.  The  minutes  of  the  last  regular  meeting 
were  read  and  approved. 

Dr.  C.  S.  G.  Nagel  thereupon  delivered  a  lecture  on  the  mechanical 
structure  of  the  eye,  treating  its  anatomical  and  optical  features,  and 
explaining  in  detail  the  modern  methods  of  eye  operations.  This  subject 
was  discussed  by  members  present. 

The  President  thanked  Dr.  Nagel  in  the  name  of  the  Society  for  his 
interesting  and  instructive  lecture. 

Adjourned.  ^         Otto  vox  Geldern,  Secretary. 


Regul,\r  Meeting,  August  15,  1901. — The  Technical  Society  invited 
its  members  to  visit  the  destruction  of  Arch  Rock,  in  the  harbor  of  San 
Francisco,  which  took  place  at  12.10  p.m.  The  members  and  their  guests 
were  conveyed  in  a  steamboat  to  a  point  in  the  bay  where  the  most  advan- 
tageous view  of  the  explosion  could  be  had. 

After  the  blast,  the  party  was  taken  to  the  locality  of  the  one-time 
formidable  rock,  upon  which  the  steamboat  returned  to  the  wharf. 

Otto  von  Geldern,  Secretary. 


Regul.ar  Meeting,  September  6,  1901. — Called  to  order  at  8.30  p.m. 
by  Thos.  Morrin.  The  news  having  been  received,  just  prior  to  the  meet- 
ing, of  the  attempted  assassination  of  President  McKinley,  the  desire  was 
expressed  that;  business  only  be  transacted,  and  that  all  technical  discus- 
sion be  postponed. 

Mr.  Morrin  called  attention  to  the  matter  of  the  Technical  Society 
transferring  its  rooms  to  the  Mechanics'  Institute  Building  and  becoming 
a  part  of  the  institute,  without  losing  its  identity  as  a  society  or  its  mem- 
bership in  the' Association  of  Engineering  Societies.  Every  member  of 
the  Techncal  Society  would  become  a  member  of  the  institute,  and  have 
the  benefit  of  the  very  extensive  technical  literature  of  the  Mechanics' 
Library  without  any  increase  in  dues,  and  without  the  loss  of  a  single  one 
of  those  advantages  to  which  his  membership  in  the  Technical  Society 
entitled  him. 
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Mr.  Irving,  President  of  the  Mechanics'  Institute,  explained  at  length 
the  present  condition  of  the  institute,  financially  and  socially,  and  indi- 
cated that  the  members  of  the  Technical  Society  might  become  a  very 
important  element  in  the  transactions  of  the  institute,  which,  by  reason  of 
its  great  wealth,  could  ofTer  them  many  advantages  that  the  Society  could 
not  now  afiford. 

There  being  but  a  small  number  present  at  this  meeting,  it  was 
thought  advisable  to  take  no  definite  action,  but  to  appoint  an  investigat- 
ing committee  of  three  or  four  members  to  meet  a  similar  committee  from 
the  institute  and  submit  to  the  Technical  Society  some  formulated  project 
by  which  an  afifiliation  of  the  nature  suggested  this  evening  might  be 
consummated.  Three  members  were  appointed  on  this  committee, — 
Stetson  G.  Hindes,  J.  G.  H.  Woli¥  and  Hermann  Kower,  to  which  Mr. 
Luther  Wagoner  was  added  subsequently. 

This  committee  is  to  report  upon  the  probable  result  of  such  change, 
so  vital  to  the  interests  of  the  Society,  and  to  make  a  full  statement  to  the 
Board  of  Directors,  who  will  present  the  matter  to  the  members  of  the 
Society  if  it  be  thought  desirable  to  entertain  the  proposition. 

Meeting  adjourned. 

Otto  von  Geldern,  Secretary. 


Regular  Meeting,  October  4,  1901 . — Called  to  order  at  8.30  p.m.  by 
Vice-President  Henry. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  applications  were  received  and  referred  to  ballot,  having 
been  approved  by  the  Board  of  Directors : 

Charles  E.  Wetherell,  surveyor,  of  San  Francisco,  proposed  by  C.  E. 
Grunsky,  H.  D.  Connick  and  F.  C.  Herrmann. 

Dr.  C.  S.  G.  Nagel,  scientist,  of  San  Francisco,  proposed  by  Otto  von 
Geldern,  D.  C.  Henny  and  J.  H.  G.  Wolf. 

The  Chairman  stated  that  this  meeting  had  been  set  aside  for  the  purpose 
of  discussing  the  important  proposition  of  affiliating  with  the  Mechanics' 
Institute,  and  that  the  committee  having  investigated  the  proposition  upon  its 
advantages  and  disadvantages,  would  report  at  once  to  bring  the  matter 
intelligently  before  the  meeting  for  earnest  discussion. 

The  committee  thereupon  reported  as  follows : 

"San  Francisco,  Cal.,  October  4,   1901. 
"To  flic  President  and  Members  of  the   Tcclmical  Society,  San  Francisco, 

Cal. 

"Gentlemen  :  Your  committee  appointed  at  the  regular  September 
meeting  for  the  purpose  of  investigating  the  conditions  and  desirability  of 
affiliating  with  the  Mechanics'  Institute  has  the  honor  to  report  as  follows: 

"Two  meetings  have  been  held,  the  first  on  September  11  in  these  rooms, 
at  which  the  essential  points  to  be  observed  in  considering  the  proposition 
were  carefully  gone  over  and  noted.  One  week  later  our  committee  met  the 
Library  Committee  at  the  Mechanics'  Institute  rooms  and  discussed  minutely 
the  conditions  and  requirements  pertaining  to  the  proposition  of  affiliation. 

"We  found  that  the  new  policy  of  the  Institute  favored  the  fostering  of 
all  scientific  and  engineering  societies  of  the  citv.  The  Institute  expects  in 
the  near  future  to  put  up  a  new  building  in  which  adequate  provision  will  be 
made  for  any  such  societies. 

"The  absolute  identity  of  the  Technical  Society,  which  is  of  supreme 
importance,  would  be  preserved,  and  our  relation  to  the  Institute  would  be 
that  of  a  tenant.  The  proposition  as  outlined  would  be  to  give  up  these 
quarters  and  move  to  the  Institute,  thus  avoiding  paying  rent.     All  regular 
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active  members  and  the  resident  associate  members  would  be  entitled  to  all 
the  privileges  of  Institute  membership,  and  in  fact  would  be  regular  members, 
for  which  the  Tcclinical  Society  would  pay  50  cents  per  month  for  each  of 
these  members.  They  would  have  a  vote  in  the  affairs  of  the  Institute  and 
would  be  entitled  to  take  l)Ooks  from  the  library. 

"It  is  found  that  the  amount  saved  in  rent,  etc.,  would  just  about  equal 
the  amount  to  be  paid  the  Institute  in  membership  dues,  so  that  the  Society 
would  be  at  no  greater  expense  than  at  present  and  would  be  able  to  give  its 
members  additional  privileges  and  benefits. 

"This  Society  would  manage  its  own  affairs  exactly  as  at  present,  collect 
its  dues,  and  continue  to  furnish  its  members  with  copies  of  the  Journal  of 
THE  Associ.xTiON  OF  ENGINEERING  SOCIETIES,  and  it  would  Still  remain  a 
member  thereof. 

"The  assembly  hall  in  the  Library  Building  is  a  large-sized  room,  and 
well  adapted  to  our  purposes,  and  could  always  be  had  on  the  regular  meeting 
night, — viz,  the  first  Friday  of  each  month.  ;.s  well  as  at  other  times  if  desir- 
able. There  is  also  a  room  available  as  an  office  where  the  records  of  the 
Society  could  be  kept,  and  its  business  transacted. 

"The  Institute  desires  to  keep  up  its  technical  and  scientific  side,  as  there 
is  a  great  tendency  for  the  fiction  portion  to  be  always  in  the  supremacy. 
And  it  is  believed  that  by  taking  in  our  Society,  our  members  will  be  encour- 
aged to  take  an  active  part  in  the  affairs  of  the  Institute,  and  will  be  able  to 
add  to  its  success  as  one  of  the  prominent  institutions  of  San  Francisco. 

"It  would  also  appear  that  a  number  of  new  members  might  be  acquired 
who  are  already  Institute  members,  and  who  would  willingly  pay  the  50 
cents  additional  dues  required  by  the  Technical  Society.  This  would  apply 
especially  to  the  younger  men,  who  might  not  feel  like  maintaining  member- 
ship in  both  oreanizations  as  at  present  at  an  expense  of  ."f^LSO  per  month. 

"As  about  one-half  of  the  Technical  Society  members  are  already 
members  of  the  Mechanics'  Institute,  these  would  save  their  present  Institute 
dues,  amounting  to  50  cents  per  month.  Non-resident  members  and  non- 
resident associate  members  who  now  pay  dues  of  50  cents  per  month  into 
this  Society  would  not  be  full  members  of  the  Institute,  and  could  not  take 
out  books;  but  they  would  have  the  Journ.\l  and  the  privilege  of  attending 
all  meetings  and  voting  in  the  Technical  Society  just  as  at  present. 

"The  Society  would  have  to  pay  an  admission  fee  of  $1  for  each 
member  not  already  a  member  of  the  Institute.  This  would  amount  to  about 
$35.  and  could  be  paid  out  of  the  funds  now  in  tne  treasury. 

"Our  books,  while  always  remaining  our  property,  could  be  put  upon  the 
shelves  of  the  library  for  circulation,  and  any  of  our  periodicals  not  already 
possessed  by  the  Institute  w^ould  be  bound  at  their  expense. 

The  committee  has  carefully  considered  the  various  phases  and  believes 
the  advantages  to  be  much  greater  than  any  disadvantages,  and  would  recom- 
mend the  affiliation  of  the  Technical  Society  with  the  Mechanics'  Institute. 

"Stetson   G.   Hindes, 
"J.  H.  G.  Wolf, 
"Herm.jiNN  Kower, 
"Luther  Wagoner, 

"Committee." 

A  discussion  was  then  started,  which  was  opened  by  Mr.  S.  C.  Irving, 
President  of  the  Mechanics'  Institute,  who  held  out  the  advantages  that 
would  be  gained  by  the  Society  in  affiliating  with  the  Institute,  whose  policy 
is  to  foster  mechanical  art  and  engineering  science,  and  who  had  ample 
funds  for  the  purpose  of  inagurating  serious  work  along  lines  of  technical 
importance.  Other  members  followed,  the  general  opinion  being  expressed 
that  the  proposition  had  its  merits,  and  that  there  were  many  mutual  ad- 
vantages and  possibilities. 

President  Marx  expressed  in  writing  to  the  Secretary  his  entire  sympathy 
with  the  project,  taking  it  for  granted  that  the  base  of  the  affiliation  would 
be  that  outlined  in  the  circular  letter  to  members  dated  September  26,  1901. 
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It  was  finally  moved  by  ]Mr.  Grunsky,  and  duly  seconded,  that  it  be  the 
sense  of  this  meeting  that  the  Technical  Society  affiliate  with  the  Mechanics' 
Institute  on  the  lines  indicated  by  the  committee  in  its  report,  and  that  a 
copy  of  this  report,  together  with  a  statement  of  the  proceedings  of  this 
meeting  be  mailed  to  every  member  of  the  Technical  Society,  with  a  request 
for  an  individual  vote  in  favor  of  or  against  the  proposition.  Motion  was 
carried. 

It   was  then   moved   by   ^Ir.   Wagoner,   and   duly   seconded,   that   if  the 

vote  upon  this  question  be  favorable,  the  Board  of  Directors  be  instructed  to 

carry  out  the  work  of  the  proposed  affiliation  in  the  manner  outlined  by  the 

special  committee,  which  is  to  have  further  time  and  continue  its  work  until 

the  rendering  of  the  final  decision.     Carried. 

Meeting  thereuoon  adjourned.  r\  n  r        . 

^  Otto  von  Geldern,  Secretarv. 


JEni'ineers''  Club  of  St.  Jjouis. 


S30TH  Meeting.  October  2,  1901. — Held  at  1600  Locust  Street  at  8  p.m.; 
President  Spencer  presiding.  Attendance,  thirty-three  r-embers  and  twenty- 
five  visitors.  Minutes  of  the  529th  meeting  were  read  and  approved.  Min- 
utes of  the  314th  meeting  of  the  Executive  Committee  were  read. 

The  applications  for  membership  of  Charles  Wm.  Roehrig,  George 
Eugene  Wells  and  C.  D.  Purdon  were  read  and  referred  to  the  Executive 
Committee. 

On  invitation  of  the  President,  Mr.  A.  V.  A.Brueggeman.  President  of 
the  Architectural  Club,  addressed  the  Club,  giving  further  information  with 
reference  to  obtaining  down-town  quarters  in  conjunction  with  the  Architec- 
tural Club  and  the  St.  Louis  Chapter  of  the  American  Institute  of  Architects. 

On  motion  of  Mr.  Bryan,  which  was  duly  seconded,  the  Executive  Com- 
mittee of  the  Engineers'  Club  was  authorized  to  confer  with  the  St.  Louis 
Architectural  Club  and  with  the  St.  Louis  Chapter  of  the  American  Institute 
of  Architects  regarding  arrangements  for  down-town  quarters,  and  requested 
to  report  at  the  next  meeting.     The  motion  was  carried. 

Mr.  William  H.  Bryan  then  read  the  paper  of  the  evening,  entitled 
"Smoke  Abatement  in  St.  Louis."  Mr.  Bryan  gave  a  brief  history  of  the 
movement  in  St.  Louis,  and  of  the  prominent  part  taken  in  it  by  the  Engi- 
neers' Club.  He  stated  clearly  the  difficulties  which  have  been  encountered 
and  the  results  which  have  been  accomplished  to  the  present  time. 

Regarding  fuels  it  was  shown  that  the  cost  of  smokeless  fuels  was 
beyond  the  reach  of  the  ordinary  consumers  and  that  the  problem  resolved 
itself  into  burning  the  ordinary  fuels  smokelessly. 

Smoke-preventing  devices  were  discussed  and  classified  as  follows: 
Steam  jets,  coking  furnaces  or  fire  brick  arches,  down-draft  furnaces,  auto- 
matic stokers  and  powdered  fuels.  Each  in  turn  was  described  and  illus- 
trated by  numerous  lantern  slides.  It  was  stated  that  while  no  one  device 
was  applicable  to  all  furnaces,  some  one  or  more  would  be  found  for  each 
furnace  which  would  work  successfully,  providing  it  was  intelligently  operated 
and  maintained. 

The  hope  was  expressed  that  the  problem  would  be  so  effectively  handled 
by  the  World's  Fair  authorities  as  to  give  an  object  lesson  to  the  world. 
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Discussion  was  participated  in  by  Messrs.  C.  E.  Jones,  Josepli  A.  Wangler 
and  Mr.  Dan.  C.  Nugent  and  Eugene  McQuillin.  of  the  Citizens'  Smoke 
Abatement  Association. 

Adjourned  to  the  hbrary  room,  where  luncli  was  served. 

E.  B.  Fay,  Secretary  pra  lent. 


331ST  Meeting,  October  16,  1901. — Held  at  1600  Locust  Street  at  8  p.m.; 
President  Spencer  presiding.  Attendance,  thirty-four  members  and  seven 
visitors.     Minutes  of  the  530th  meeting  were  read  and  approved. 

Applications  for  membership  of  Ben  F.  Affleck  and  James  C.  Travilla 
were  read  and  referred  to  the  Executive  Committee. 

On  ballot  the  following  were  elected  to  membership :  Cliarles  W. 
Roehrig,  George  E.  Wells,  Charles  D.  Purdon,  Tyron  Ervin  Becbc,  Roderick 
H.  Tait,  Benjamin  C.  Miltier,  Jr.,  Alexander  S.  Langsdorf. 

Mr.  J.  H.  Kinealy,  for  the  Executive  Committee,  made  a  report  regarding 
securing  downtown  quarters  in  conjunction  with  the  St.  Louis  Architectural 
Club  and  the  St.  Louis  Chapter  of  American  Institute  of  Architects.  He 
Slated  that  suitable  quarters  could  be  obtained  in  the  Howard  Building,  and 
submitted  a  proposed  plan  of  new  quarters,  together  with  information  regard- 
ing the  sizes  of  rooms  as  compared  with  the  present  quarters,  probable  cost, 
etc.  He  stated  that  the  members  of  the  Executive  Committee  were  unani- 
mously in  favor  of  making  the  move  and  of  making  arrangements  with  the 
Clubs  mentioned.  After  considerable  discussion  motion  was  made  and 
carried  to  defer  final  action  until  the  next  meeting  and  make  the  question  a 
special  order  of  business  at  the  next  meeting,  all  members  of  the  Club  being 
notified. 

The  subject  of  the  evening  was  a  paper  by  Mr.  George  L  Bouton  on 
"Stair  Lifts."  A  detailed  description  of  the  various  lifts  which  are  maim- 
factured  and  used  in  the  United  States  was  given.  The  paper  was  illus- 
trated by  numerous  lantern  slides,  showing  the  various  kinds  of  lifts  in 
operation  in  department  stores  and  elevated  railroad  stations.  A  statement 
was  given  regarding  the  power  required  for  operating  and  the  cost  of 
installation.  Discussion  was  participated  in  by  Messrs.  Ockerson,  Borden 
and  Bouton. 

On  conclusion  of  the  paper  letters  were  read  from  the  Public  Welfare 
Commission,  addressed  to  the  President,  as  the  Club's  representative  on  the 
commission,  requesting  such  service  as  could  be  rendered  in  aid  of  the  pro- 
posed charter  amendments,  and  requesting  the  signature  of  as  many  voters 
as  could  be  reached  to  the  appeal  which  accompanied  the  letter.  President 
Spencer  stated  that  copies  of  the  appeal  would  be  found  on  the  Secretary's 
table  in  the  library  room,  and  he  hoped  that  all  members  of  the  Club  would 
sign  it. 

Adjourned  to  the  library  room,  where  lunch  was  served. 

E.  B.  F.w,  Secretary  pro  tcin. 


Boston  Society  of  Civil  Eiifriueers. 


Boston,  Mass.,  October  16,  1901.— .\  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
8  o'clock  P.M.  ;  President  L.  B.  Bidwell  in  the  chair;  forty-eight  members  and 
visitors  present. 
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The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  E.  Roland  Simpson  and  John  B.  Wright  were  elected  members 
of  the  Society. 

A  communication  was  read  from  the  Secretary  of  the  American  Park 
and  Outdoor  Art  Association  in  relation  to  its  proposed  annual  convention 
to  be  held  in  Boston  in  August.  1902,  and  suggested  that  some  uniform  action 
might  be  taken  by  the  several  kindred  organizations  in  this  neighborhood  in 
the  way  of  entertainment  during  the  convention.  On  motion  of  Mr.  French, 
the  whole  subject  was  referred  to  the  Board  of  Government. 

On  motion  of  Mr.  Higgins.  the  thanks  of  the  Society  were  voted  to  the 
civil  engineers  located  at  the  Navy  Yard  for  courtesies  shown  the  members 
of  the  Society  during  the  visit  to  the  Navy  Yard  this  afternoon. 

Prof.  William  Carey  Poland,  of  Brown  University,  was  then  introduced 
and  gave  a  very  entertaining  and  instructive  talk,  illustrated  by  numerous 
lantern  slides,  entitled  "The  Development  of  Artistic  Forms  in  Architecture 
from  Elements  of  Construction." 

At  the  conclusion  of  the  talk,  on  motion  of  Mr.  Rice,  the  thanks  of  the 
Society  were  voted  to  Professor  Poland  for  his  interesting  lecture. 

Adjourned.  S.  E.  Tinkham,  Secretary. 
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53211  Mkkting,  Nove.muek  6,  1901.— Held  at  1600  Locust  Street  at  8.15 
P.M.;  President  Spencer  presiding.  Attendance,  thirty-seven  members  and 
six  visitors.  Minutes  of  the  531st  meeting  vi'ere  read  and  approved.  Minutes 
of  the  3^5^^^  meeting  of  the  Executive  Committee  were  read. 

Mr.  Ockerson.  chairman  of  the  committee  appointed  to  confer  with  the 
committees  of  the  Missouri  Historical  and  other  societies  regarding  ob- 
taining a  permanent  fire-proof  building  from  the  Louisiana  Purchase  Exposi- 
tion Company  for  housing  libraries,  etc.,  reported  that  a  meeting  of  the 
committees  which  had  been  called  for  some  days  before  had  been  postponed 
indefinitely,  and  from  what  he  could  ascertain  they  had  no  building  in  mind, 
and  if  such  a  building  was  obtained  it  would  be  located  in  Forest  Park. 

Mr.  Kinealy,  for  the  Executive  Committee,  made  a  report  regarding  se- 
curing downtown  quarters,  repeating  the  report  made  at  the  last  meeting  and 
also  giving' additional  information  regarding  the  cost  of  furnishing  the  new 
quarters.  After  considerable  discussion  a  motion  was  made  by  Mr.  Bryan, 
which  was  amended  by  Mr.  Flad;  the  amended  motion  was  as  follows: 
"That  the  recommendation  of  the  Executive  Committee  in  the  matter  of 
securing  downtown  quarters  in  association  with  the  St.  Louis  Chapter  of  the 
American  Institute  of  Architects  and  the  St.  Louis  Architectural  Club  be 
approved,  and  that  the  Executive  Committee  be  authorized  to  arrange  all 
necessary  details."  This  motion  was  seconded,  but  before  it  was  put  to  a 
vote  there  was  further  discussion  by  Messrs.  Wheeler,  Ockerson  and  Bryan, 
after  which  the  motion  was  voted  upon  and  carried. 

The  application  for  membership  of  Alvin  D.  Reed  was  read  and  referred 
to  the  Executive  Committee.  On  ballot  Messrs.  Ben  F.  Affleck  and  Jas.  C. 
Travilla  were  elected  to  membership. 

Owing  to  the  unavoidable  absence  from  the  city  of  Mr.  H.  H.  Humph- 
rey, who  was  to  have  read  a  paper  on  '"Uses  of  Beaumont  Oil,"  Mr.  Alex  S. 
Langsdorf  kindly  addressed  the  Club  on  the  subject  of  "Iron  in  Alternating 
Current  Circuits."  He  discussed  the  curves  of  magnetization,  loops  due  to 
hysteresis,  and  described  a  simple  method  of  obtaining  the  co-efficient  of  self- 
induction.  Discussion  was  participated  in  by  Messrs.  Kinealy,  Klauder  and 
Langsdorf. 

Adjourned  to  the  lil)rary  room,  where  lunch  was  served. 

E.  B.  F.w,  Secretary  pro  teiii. 
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Teclmical  Society  of  the  Pacifle  Coast. 


Regular  Meeting,  November  i,  igoi. — Called  to  order  at  8.30  p.m.  by 
President  Marx. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  tellers  appointed  opened  the  ballots,  and  counted  the  vote  cast  on 
the  proposition  to  affiliate  with  the  Mechanics'  Institute,  on  the  lines  indicated 
in  the  Special  Committee's  report,  circulated  to  members,  under  date  October 
15.  1901,  with  the  following  result:     Total  vote,  "/"];  for,  75;  against,  2. 

The  President  thereupon  declared  the  proposition  carried,  and  instructed 
the  committee  to  make  all  arrangements  to  enter  upon  this  agreement  by 
December  i,  1901. 

The  following  were  elected  to  membership  upon  a  count  of  ballots: 
Chas.  E.  Wetherell,  surveyor,  of  San  Francisco ;  Dr.  C.  S.  G.  Nagel, 
scientist,  of  San  Francisco. 

Prof.  F.  G.  Hesse  delivered  an  address,  demonstrating  mathematically 
the  "Efficiency  of  the  Compound  Centrifugal  Pump." 

A  discussion  followed,  which  was  reported  by  the  stenographer. 

Meeting  thereupon  adjourned. 

Otto  von  Geldern,  Secretary. 
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Engineers'  Club  of  Cincinnati. 


I2STH  Regular  Meeting,  Cincinnati,  Ohio,  June  20,  1901. — Dinner  was 
served  at  6.30  p.m. 

The  regular  meeting  was  called  to  order  at  8.00  p.m.  ;  President  Jewett  in 
the  chair,  and  fourteen  members  present. 

Minutes  of  the  meeting  of  May  23  were  read  and  approved. 

Resolutions  on  the  death  of  Alfred  Petry  were  presented  by  the  com- 
mittee as  follows : 

Death  having  removed  one  more  name  from  the  rolls  of  this  Society, 
"be  it 

Rcsokrd,  That  we,  the  friends  and  fellow-members  of  Alfred  Petry,  place 
on  record  our  sincere  regret  and  feeling  of  deep  loss  sustained  by  his  un- 
timely death:  further  be  it 

Resolved,  That  we  extend  our  heart-felt  sympathy  to  his  sisters;  and, 
further,  be  it 

Resolved,  That  these  words  be  entered  upon  the  minutes  of  this  Society, 
and  that  a  copy  hereof  be  sent  to  his  sisters ; 

which,  on  motion,  was  ordered  received  and  spread  upon  the  minutes  of  the 
meeting,  and  a  copy  forwarded  to  his  relatives,  as  provided. 

Mr.  C.  A.  Keller,  representative  of  the  Scherzer  Rolling-Lift  Bridge 
Company,  of  Chicago,  read  a  paper  on  "The  Rolling-Lift  Bridges  at  Cleve- 
land, Ohio." 

Mr.  Keller  described,  with  the  aid  of  the  stcreopticon,  the  two  railroad 
bridges,  one  a  single  leaf  and  the  other  a  double  leaf  structure,  recently  con- 
structed by  his  company  over  the  Cuyahoga  River  at  Cleveland,  on  the  line  of 
the  C,  C.  C.  and  St.  L.  Ry.  under  the  direction  of  Mr.  G.  W.  Kittredge, 
chief  engineer  of  that  road.  These  bridges  replace  the  old  wooden  swing 
bridges  that  had  been  in  use  for  a  number  of  year.s,  and  needing  renewing,  the 
rolling-lift  bridge  was  selected  as  the  best  type  filling  all  the  requirements. 

After  a  vote  of  thanks  to  Mr.  Keller  for  his  paper,  and  a  discussion  of  the 

same,  the  Club  adjourned. 

J,  F.  Wii.soN,  Secretary. 
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126th  Regular  Meeting,  Cincinnati,  Ohio,  September  26,  1901.— Post- 
poned from  the  19th  on  account  of  and  out  of  respect  to  the  death  of  Presi- 
dent McKinlev,  whose  funeral  occurred  on  that  date. 

Supper  was  served  at  6.20  p.m. 

The  regular  meeting  was  called  to  order  at  7.30  p.m.  with  President 
Jewett  in  the  chair  and  nine  members  present. 

Minutes  of  the  meeting  of  June  20  were  read  and  approved. 

The  following  papers  were  read: 

(a)  Elevators.  By  O.  F.  Shepard,  Jr.,  being  an  extempore  talk  on  the 
subject  of  the  construction  and  operation  of  elevators,  principally  electric,  as 
practiced  by  the  Warner  Elevator  Manufacturing  Company. 

(b)  Operating  Machinery  by  Electricity.  By  Louis  E.  Bogen,  in  which 
he  showed  the  application  of  electric  motors  in  the  operation  of  machinery 
and  machine  tools. 

After  a  short  discussion  of  the  subjects,  as  the  hour  was  getting  late, 
and  a  vote  of  thanks  to  the  speakers,  the  meeting  adjourned. 

J.  F.  Wilson,  Secretary. 

127TH  Regular  Meeting.  Cincinnati,  Ohio,  October  19,  1901. — Supper 
was  served  at  6.30  p.m. 

The  regular  meeting  was  called  to  order  at  7.20  p.m.  with  President 
Jewett  in  the  chair,  and  ten  members  present. 

Minutes  of  the  meeting  of  September  26  were  read  and  approved. 

ATr.  C.  W.  Johnson,  chief  draftsman  of  the  engineering  department 
of  the  Bull(jck  Electric  Manufacturing  Company,  favored  the  Club  with  a 
talk  on  the  subject  of  "Indexing  of  Drawings,"  which  comprised  a  thorough 
and  interesting  account  of  the  very  complete  system  of  filing  and  indexing 
the  large  number  of  plans  covering  the  great  variety  of  work  turned  out 
by  that  company,  and  which  contained  much  of  interest  to  those  present. 

After  a  discussion  of  the  subject  and  a  vote  of  thanks  to  Mr.  Johnson  the 

meeting  adjourned. 

J.  F.  Wilson,  Secretary. 

128TH  Regular  Meeting,  Cincinnati,  Ohio,  November  21,  1901. — Din- 
ner was  served  at  6.15  p.m.  The  regular  meeting  was  called  to  order  at  7. 30 
p.m.,  with  President  Jewett  in  the  chair  and  eighteen  members  present. 

Minutes  of  the  meeting  of  October  19th  were  read  and  approved. 

The  minutes  of  the  meeting  of  the  Executive  Board,  held  November  i6th, 
were  read,  in  which  recommendations  were  made  providing  for  the  with- 
drawal of  the  Club  from  the  Association  of  Engineering  Societies,  the  reduc- 
tion of  the  amount  of  the  annual  dues,  and  changing  the  hour  of  meeting. 
These  questions  were  discussed  at  some  length,  and  to  indicate  the  preference 
of  those  present,  a  vote  was  taken,  resulting  as  follows :  Continue  member- 
ship in  the  Association,  yes.  4;  no,  14.  Reduce  annual  dues,  yes,  14;  no,  4. 
Change  meeting  hour,  yes.  8:  no,  8. 

It  was  finally  decided  proper  to  submit  these  matters  to  a  vote  of  the 
entire  membership,  amendments  to  the  By-laws  being  involved,  which  the 
Secretary  was  directed  to  do,  with  a  circular  explanatory  of  the  situation, 
etnbodying  in  it  the  result  of  the  vote  above  noted,  the  amount  of  the  dues 
and  the  hour  of  meeting  recommended  being  those  in  vogue  before  the 
changes  made  at  the  annual  meeting  in  December,  1898. 

The  question  of  instituting  a  "Junior"  class  of  membership,  which  was 
also  suggested  at  the  Executive  Board  meeting,  was  taken  up  and  discussed. 
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Mr.  BogL-n  presenting  tlie  following:  "Ainendment  to  the  Constitution  is 
proposed,  as  follows:  That  the  grade  of  'J"n'or'  mcnibcr  be  established  and 
that  the  dues  be  one-half  that  for  full  membership." 

.■\s  amendments  to  the  Constitution  can  only  be  made  at  an  anmial 
meeting,  the  matter  is  in  order  for  the  December  meeting. 

The  paper  for  the  evening  was  read  by  Mr.  James  A.  Lilly.  It  had  l»ecn 
announced  under  the  title  of  "Paint  and  Painting,"  but  as  an  introduction, 
Mr.  Lilly  stated  that  in  its  preparation  he  had  found  the  paper  grow  to 
such  an  extent  that  he  had  concluded  to  divide  the  subject  and  confine  him- 
self to  the  first  word  of  the  title — "Paint." 

This  he  ditl  in  a  very  exhaustive  and  entertaining  manner,  going  thor- 
oughly into  the  merits  of  paints  of  various  kinds,  and  the  analysis  and  com- 
position of  the  component  parts  of  paints,  pigments,  oils,  etc.,  and  their 
manufacture. 

After  a  discussion  of  the  subject,  participated  in  by  Messrs.  Gordon, 
Bogen.  Morris.  Jewett,  WulfT,  Warrington,  Lilly  and  others,  and  a  vote  of 
thanks  to  Mr.  Lilly,  the  meeting  adjourned. 

J.  F.  Wilson,  Secretary. 


14TH  Annu.\l  Meeting,  Cincinnati,  Ohio,  December  19,  1901. — Dinner 
was  served  at  6.30  p.m.  The  regular  ineeting  was  called  to  order  at  8.10 
P.M.,  with  President  Jewett  in  the  chair  and  seventeen  members  present. 

Minutes  of  the  meeting  of  November  21  were  read  and  approved. 

On  motion  the  Chair  appointed  Messrs.  Miller  and  Warrington  a  com- 
mittee to  canvass  the  votes  received  on  the  matters  presented  at  the  Novem- 
ber meeting,  and  which  had  been  submitted  to  letter  ballot.  The  committee 
reported  the  result  of  the  ballot,  as  follows :  Continue  membership  in  the 
Association  of  Engineering  Societies,  yes,  11;  no,  24;  total  35.  Amend  By- 
laws to  provide  for  reducing  amount  of  annual  dues,  yes,  26;  no,  7;  nil,  2; 
total,  35.  Amend  By-laws  to  provide  for  changing  hour  of  meeting,  yes,  17; 
no,  14;  nil,  4;  total,  35.  Not  counted,  3  votes  unsigned.  Upon  which  it  was 
announced  that  it  had  been  elected  that  the  Club  withdraw  from  the  Associa- 
tion of  Engineering  Societies ;  that  the  annual  dues  and  the  time  of  meeting 
be  restored  to  those  prevailing  before  the  change  made  at  the  annual  meet- 
ing on  December  15.  1898. 

The  question  of  proper  amendments  to  the  Constitution  and  By-laws  to 
cover  the  proposed  creation  of  a  "junior"  class  of  membership,  presented  at 
the  November  meeting,  and  also  the  changes  as  to  annual  dues  and  time  of 
meeting,  was  discussed  at  some  length,  resulting  in  the  appointment  of 
Messrs.  Bogen  and  Nicholson  as  a  committee  to  prepare  the  same. 

A  proper  resolution  embodying  the  necessary  amendments  was  submitted 
by  the  committee  and  adopted. 

On  motion  to  that  effect  it  was  resolved  that  the  old  custom  of  pro- 
viding a  light  lunch  after  the  meeting  be  observed  in  the  future. 

The  Secretary  and  Treasurer  presented  his  reports  for  the  year  1901, 
which  were  accepted  and  ordered  printed  for  distribution  to  the  members. 
The  report  of  the  Secretary  shows  a  reduction  in  average  attendance  from 
16.3  in  1900  to  14.6  in  1901.  the  addition  of  five  new  members  during  the 
j'ear,  and  a  decrease  in  membership  of  i  by  death,  7  by  resignations  and  2 
members  dropped  for  non-payment  of  dues,  leaving  the  total  membership  at 
the  end  of  the  year  82  as  against  92  at  the  end  of  the  previous  year. 
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The  Treasurer's  report  shows  receipts  of  $605  and  disbursements  of 
$621.48,  and  a  balance  of  $327.12  at  the  end  of  the  year. 

Officers  for  the  year  1902  were  elected  as  follows: 

President — Louis  E.  Bogen. 

Vice-President — A.  O.  Elzner. 

Directors — H.  E.  Warrington,  C.  H.  Meeds,  Jas.  A.- Lilly. 

Secretary  and  Treasurer — J.  F.  Wilson. 

The  retiring  President,  Mr.  Wm.  C.  Jewett,  read  an  address,  taking  for 
his  topic  a  discussion  of  the  affairs  of  the  Club. 

Address  of  Retiring  President. 

Gentlemen,  of  the  Engineers'  Club  of  Cincinnati, — First  let  us  congratu- 
late ourselves  upon  the  selection  of  our  President  for  the  coming  year.  The 
choice  is  a  wise  one,  and  he  will  no  doubt  be  the  means  of  putting  new  life 
into  the  Club,  an  element  of  which  we  are  sadly  in  need. 

It  has  often  occurred  to  us  during  the  year  that  our  members  were 
losing  interest  in  the  Club,  and  in  our  discouragement  we  have  examined 
the  Secretary's  reports,  and  to  our  pleasure  find  that  our  attendance  is 
really  above  the  average.  It  is  true  that  we  have  lost  in  membership,  but 
the  proportion  of  actual  members  who  have  attended  the  meetings  during 
the  year  has  equaled  that  of  similar  societies.  This  proves  that  those  who 
have  remained  with  us  have  retained  their  interest  in  the  welfare  of  the 
Club,  and  have  performed  their  share  of  the  work  necessary  to  keep  the 
Society  alive. 

The  close  of  the  year  1895  gave  us  the  largest  membership.  The  aver- 
age attendance  for  that  year  was  20  per  cent,  of  the  members.  Last  year, 
with  a  membership  of  eighty-eight,  we  had  an  attendance  of  19  per  cent., 
from  which  it  may  readily  be  seen  that  the  interest  is  maintained.  The  at- 
tendance of  the  November  and  December  meetings  show  such  an  increase 
in  the  number  present  and  such  an  activity  among  the  members  that  it 
gives  us  every  reason  to  believe  we  are  to  have  a  real  revival.  Let  us  con- 
tinue this  good  work  and  see  if  we  cannot  have,  not  only  a  technical  club, 
but  a  scientific  one  of  value  to  the  profession. 

Section  2,  Article  II,  of  the  Constitution,  says  that  "an  active  member 
shall  be  a  civil,  military,  mining,  mechanical,  electrical  or  hydraulic  engi- 
neer." This  covers  the  entire  profession  of  engineering,  making  all  engi- 
neers eligible  to  membership. 

Let  us  glance  at  our  list  of  members  and  see  of  what  our  society  is 
composed.  We  have  civil  engineers,  59;  mining  engineers,  i;  mechanical 
engineers,  10;  electrical  engineers,  3;  architects,  I ;  associate  members,  10. 
A  total  membership  of  84.  The  civil  engineers  are  largely  in  the  majority, 
but  we  consider  the  number  entirely  too  small  when  we  see  how  many  are 
engaged  in  the  profession  in  this  city,  and  how  many  young  men  should  be 
associated  with  us  who  have  taken  up  engineering  as  a  profession.  The  small 
number  of  mining  engineers  is  easily  accounted  for,  as  this  is  an  agricultural 
region  only.  But  in  our  midst  are  many  factories,  and  these  must  employ 
many  mechanical  engineers  and  we  certainly  should  have  more  than  ten  in 
our  list  of  members.  In  fact  I  do  not  hesitate  to  say  that  our  Club  should 
have  equally  as  many  mechanical  as  civil  engineers.  In  a  city  of  this  size 
we  certainly  should  have  a  better  representation  in  our  Club  of  electrical 
engineers.  Those  we  have  are  very  active  and  interesting  members,  and  a 
larger  number  would  benefit  all  of  us.  We  have  but  one  architect  with  us, 
and  he  is  one  of  our  most  active  members.     Now  if  he  could  only  persuade  a 
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few  of  his  brethren  to  join  us,  we  would  have  some  valuable  material  added 
to  our  Society.  The  modern  building  requires  not  only  the  services  of  the 
architect,  but  those  of  the  civil  engineer  as  well.  They  are  often  interested 
in  the  .'^ame  work,  and  if  they  were  associated  in  the  same  technical  society 
an  interchange  of  ideas  would  be  of  benefit  to  both. 

Our  associate  members  have  in  many  cases  been  active  and  regular  at- 
tendants of  the  meetings.  Would  it  not  he  well  to  bring  more  of  them  into 
our  Society? 

There  is  little  doubt  but  that  the  creation  of  tlie  "junior"  grade  in  the 
Club  will  result  in  great  benefit,  not  only  to  the  juniors  themselves,  but  to  the 
Society  at  large.  There  are  many  young  engineers  and  draftsmen  that 
would  unite  with  the  Society  in  the  proposed  new  grade  that  would  not 
and  could  not  enter  as  full  members.  This  may  be  the  means  of  adding 
many  of  the  young  engineering  students  from  the  university.  They  would 
be  interested,  add  new  life  to  the  Society,  and  undoubtedly  derive  much 
information  from  the  discussions  of  the  older  and  practicing  engineers. 

Let  us  see  if  we  cannot  induce  the  coming  engineers  to  spend  a  few 
evenings  with  us  each  year,  for  it  will  be  only  a  short  time  until  they  will 
fill  our  places. 

There  appears  to  be  a  great  dearth  of  papers  in  the  Club,  and  when  we 
note  the  number  that  have  been  furnished  by  friends  during  the  past  two 
years,  it  would  seem  that  our  Club  is  not  capable  of  producing  ten  papers  per 
year.  But  this  is  not  true;  a  glance  at  the  list  of  members  tells  us  that  there 
is.  not  one  who  could  not  only  write  and  read  an  interesting  paper,  but  he 
could  at  the  same  time  impart  valuable  information  on  the  subject  that  is  his 
especial  work.  Each  engineer  has  his  particular  work,  which  differs  materi- 
ally from  that  of  any  other  engineer.  On  this  he  devotes  his  entire  time, 
thinking  and  investigating,  spending  many  hours  reading  and  studying, 
until  he  gathers  ideas  of  other  engineers;  out  of  this  mass  of  information 
he  evolves  new  ideas  and  methods  to  suit  his  individual  work.  Now  if  the 
result  of  his  labors  was  written  in  a  short  paper,  and  presented  to  the 
Club,  there  would  be  a  record  of  his  work  which  might  otherwise  be  lost. 
Let  as  many  members  as  possible  prepare  a  paper  this  year,  no  matter  how 
short.  If  we  have  more  than  can  be  read  this  year,  we  can  have  them  next. 
Our  custom  has  been  to  write  long  papers.  During  our  present  prosperous 
times,  we  are  all  so  busy  that  few  can  devote  the  time  necessary  to  write  a 
formal  paper  that  would  require  three-quarters  of  an  hour  to  read.  But 
most  of  us  can  write  a  five-minute  paper,  which  would  prove  very  interest- 
ing; and  instead  of  one  long  paper  two  or  three  short  ones  could  be  read. 
Very  often  the  shortest  paper  promotes  the  longest  discussion.  Let  each 
member  assume  that  he  has  a  duty  to  perform,  and  if  he  performs  that  duty 
our  Club  will  grow  and  flourish.  Wc  become  interested  in  that  for  wliich 
we  work.  In  these  short  papers  we  would  learn  much  of  each  other's 
methods. 

Our  mechanical  and  electrical  members  could  each  tell  us  of  some  ma- 
chine he  had  designed  or  constructed.  The  latter  have  given  us  some  very 
interesting  and  instructive  papers  during  the  year,  which  we  all  appreciate. 
Each  engineer  could  tell  us  of  some  structure  he  had  built.  He  often 
spends  weeks  upon  the  design  of  a  structure;  while  so  doing  has  carefully 
studied  into  the  methods  of  others  and  entirely  new  thoughts  have  occurred 
to  him  that  would  be  most  interesting  to  his  brother  engineers. 
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In  choosing  subjects  let  us  not  fail  to  consider  the  simple  ones.  They 
are  the  ones  which  often  trouble  us  the  most.  Take  what  appears  to  be  a 
very  simple  subject, — the  mixing  of  concrete. 

An  entire  evening  could  be  spent  upon  the  discussion  of  this  subject 
with  profit  to  all.  There  are  many  ways  of  doing  this  and  each  engineer  has 
his  own  method  and  his  reasons  for  considering  his  method  the  best.  Un- 
equal foundations  for  large  structures.  Every  engineer  has  had  this  problem 
to  solve,  and  he  has  in  many  cases  found  it  a  very  difficult  one.  Having 
solved  his  problem  satisfactorily,  he  has  built  his  structure,  which  has 
settled  equally,  as  all  structures  should,  without  cracking.  He  congratulates 
himself  upon  his  success,  ^^'h^'  should  he  not  tell  us  how  this  was  done  and 
descrilje  the  method  of  preparing  the  foundation,  that  other  members  may 
profit  by  his  experience?  While  on  this  subject,  let  us  say  to  the  members 
present  that  it  is  of  the  utmost  importance  that  an  engineer  give  his  personal 
attention  to  the  preparing  of  the  foundations  for  important  structures  and 
that  they  should  use  every  precaution  for  its  stability.  If  this  were  done, 
we  would  have  fewer  failures  of  structures,  accounts  of  which  we  read  every 
week  in  our  technical  journals.  Important  matters  of  this  kind  cannot  be 
left  to  the  younger  engineer,  as  he  lacks  the  necessary  experience  which  he 
must  acquire  with  age.  As  an  example,  one  structure  that  failed  from  lack 
of  proper  attention  by  the  engineer  in  charge ;  although  he  may  have  used  his 
best  judgment,  he  failed  in  making  a  thorough  examination.  This  was  the 
pivot  pier  of  a  bridge  in  a  small  river.  The  pier  was  sunk  to  within  three 
or  four  feet  of  rock,  where  it  was  stopped,  resting  on  a  bed  of  gravel.  The 
pier,  acting  as  an  obstruction,  caused  the  current  to  undermine  the  founda- 
tion, resulting  in  the  pier  settling  on  one  side  and  standing  at  such  an  angle 
that  it  was  necessary  to  take  down  the  entire  structure  and  reconstruct  it  on 
a  rock  foundation,  as  should  have  been  done  at  first. 

Earth  dams;  how  should  they  be  constructed?  This  is  becoming  a 
very  important  subject  in  this  country,  and  up  to  a  reasonable  height  this 
method  of  impounding  water  is  largely  used  on  account  of  the  small  cost. 
Nearly  every  engineer  of  experience  has  built  earth  dams,  each  using 
slightly  different  methods.  Why  not  have  a  short  paper  on  the  subject  and 
a  lengthy  discussion?  It  is  true  we  can  find  numerous  professional  papers 
on  earth  dams,  but  at  the  same  time  a  discussion  may  bring  out  thoughts  that 
cannot  be  found  elsewhere. 

The  best  method  of  laying  sewer  pipe  and  inspection  of  the  same.  This 
is  apparently  a  very  simple  problem,  but  to  have  sewer  pipe  properly  laid  is 
one  of  the  most  difficult  tasks  that  an  engineer  has  to  perform,  and  the  back 
filling  of  the  trench  takes  all  of  his  patience;  and  then  very  often  after  the 
first  rain  he  will  see  the  surface  settle.  This  requires  the  very  best  inspection 
and  supervision,  and  even  then  there  is  a  constant  fight  to  secure  perfect 
results. 

How  to  run  a  straight  line.  Every  engineer  has  had  this  problem  to 
solve,  and  all  of  us  could  profit  by  the  experience  of  others.  Easy?  Not 
so  easy  either,  rich  in  thought  and  one  of  the  most  difficult  problems  in  rail- 
way location.  Many  a  man  has  spent  the  evening  and  night  studying  how 
to  hit  a  point  five  miles  off,  and  after  he  has  hit  the  point  he  has  the  problem 
of  finding  out  if  the  line  is  a  straight  one.  Usually  it  is  not,  and  he  must 
work  on  it  until  he  has  the  proof  that  it  is  straight.  The  long  tangents  of 
many  of  the  older  railways  are  full  of  kinks,  generally  one  at  every  summit 
and   sag.     This  may  be  seen  on  many  of  the  older   railways  in  northern 
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Ohio.     iMigiiiccrs   now    spend   more   time   on    their   tangents,   and    I    believe 
usually  have  them  reasonably  straight. 

Only  a  few  of  the  subjects  with  which  wc  are  all  so  familiar  have  been 
mentioned  to  present  to  you ;  how  simple  a  matter  it  would  be  for  us  to 
make  our  Club  a  most  interesting  one,  if  each  nf  us  would  contribute  a  short 
paper  during  the  year.  Many  societies  require  that  a  paper  must  he  pre- 
pared and  read  by  each  member  in  his  turn. 

Most  Clubs  prepare  a  program  at  the  beginning  of  each  year,  a  committee 
being  appointed  to  attend  to  the  preparation.  This  is  published  in  the  annual 
volume.  In  this  way  the  subject  of  each  meeting  is  known  far  in  advance. 
There  is  no  doubt  that  this  knowledge  of  the  subject  gives  the  members 
time  to  cather  their  information  and  come  prepared  for  spirited  discussions. 
I  have  in  mind  a  woman's  club  of  only  twenty  members  that  meets  monthly. 
Their  program  is  made  up  at  the  beginning  of  each  year;  it  is  an  elaborate 
one  and  is  carried  out  to  the  letter  at  each  meeting,  with  a  majority  of  the 
members  present,  all  of  whom  take  an  active  part  in  the  literary  discus- 
sions. I  would  suggest  that  the  preparation  of  a  program  in  advance,  by  a 
committee,  be  given  a  trial  in  this  Club.  The  committee  could  communicate 
with  the  members  who  are  willing  to  contribute  papers,  and  the  subjects 
could  be  published  in  the  annual  report  and  list  of  members. 

Since  we  have  decided  to  withdraw  from  the  Association  of  Engineering 
Societies,  it  might  be  suggested  that  to  take  the  place  of  that  publication  in 
our  Society  that  we  publish  an  annual  volume,  in  which  should  be  given  a 
list  of  members,  annual  report,  proceedings  of  the  meetings  and  such  papers 
as  the  members  may  furnish  for  publication.  With  a  reduction  of  the  dues 
this  may  not  be  possible,  but  we  might  consider  the  matter  and  meet  the  cost 
by  other  means. 

We  have  a  small  library  which  in  its  present  inaccessible  condition  is  of 
little  value  to  the  members.  A  bookcase  at  a  cost  of  thirty  dollars  and  a  few 
dollars  each  year  for  binding  of  periodicals  would  place  the  books  where 
they  would  benefit  the  members.  Some  member  who  is  interested  in  such 
matters  might  be  persuaded  to  classify  and  index  the  library.  A  system  of 
putting  the  books  in  circulation  among  the  members  should  be  devised  and 
a  librarian  appointed  to  look  after  this  particular  work.  The  Secretary 
already  has  his  hands  full  and  should  not  be  expected  to  take  charge  of  the 
library. 

An  excellent  feature  of  many  technical  societies  is  that  of  visiting,  in  a 
body,  shops  and  public  works  under  construction.  Many  Saturday  after- 
noons could  be  profitably  spent  in  this  manner,  and  would  result  in  greater 
sociability  among  the  members.  If  it  became  known  that  our  Club  was 
in  the  habit  of  making  these  visits,  many  large  shops  and  factories  would 
possibly  extend  invitations  to  us.  In  fact  many  of  our  members  are  con- 
nected with  these  plants  and  would  no  doubt  take  pleasure  in  showing  us 
through  their  works. 

We  may  read  of  the  methods  used  in  the  manufacture  of  a  twelve-inch 
pipe,  but  we  may  never  thoroughly  understand  the  process  and  comprehend 
the  details  until  we  see  the  work  actually  performed.  This  rnay  be  .said  of 
nearly  every  piece  of  work.  We  have  here  one  of  the  largest  pipe  foundries 
in  the  country,  which  might  be  visited  with  profit.  There  are  large  electrical 
plants  and  factories  for  the  manufacture  of  electrical  machinery,  extensive 
machine  shops;  in  fact  nearly  all  branches  of  manufacturing  are  largelv 
represented  in  Cincinnati. 
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One  of  our  mechanical  members  has  a  model  shop  in  the  west  end,  for 
the  manufacture  of  machine  tools,  that  might  be  visited  with  profit  to  all. 
We  have  large  railway  plants,  and  extensive  municipal  improvements  are 
under  construction,  all  of  which  would  be  of  interest,  no  doubt,  to  the 
members. 

The  time  has  now  come  for  me  to  resign  the  chair  to  my  successor. 
My  great  desire  is  to  see  him  in  every  way  successful,  and  that  the  Club 
may  thrive  under  him  as  it  has  never  done  before. 

Gentlemen.  I  thank  you  for  your  assistance  during  the  year  and  your 
kind  attention  this  evening.  j_  p,  Wilson,  Secretary. 


Boston* Society  of  Civil  Engineers. 


Boston,  Mass.,  November  20,  1901. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  in  the  Society's  library  at  8  o'clock  p.m.  ; 
8  o'clock  P.M.;  President  L.  B.  Bidwell  in  the  chair;  forty-five  members  and 
visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Leonard  P.  Wood  was  elected  a  member  of  the  Society. 

Mr.  George  T.  Sampson  read  the  paper  of  the  evening,  entitled  "Railroad 
Organization,"  illustrating  it  with  a  number  of  lantern  slides. 

The  discussion,  which  followed  the  paper,  was  participated  in  by  Mr. 
James  H.  French,  late  superintendent  of  the  Plymouth  Division  of  the  N.  Y.,. 
N.  H.  and  H.  R.  R.,  and  by  Messrs.  C.  F.  Allen  and  J.  P.  Snow. 

Adjourned.  S.  E.  Tinkham,  Secretary. 

Boston,  Mass.,  December  ii,  1901. — A  special  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  in  the  Society's  library  at  8  o'clock  p.m.  ; 
Vice-President  F.  W.  Hodgdon  in  the  chair ;  eighteen  members  and  visitors 
present. 

Prof.  L.  J.  Johnson  read  the  paper  of  the  evening,  entitled  "The  Deter- 
mination of  Unit  Stresses  in  the  General  Case  of  Flexure." 

Adjourned.  S.  E.  Tinkham,  Secretary. 

Boston,  Mass.,  December  18,  ,1901. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
7.50  P.M. ;  President  L.  B.  Bidwell  in  the  chair.  Fifty-six  members  and  visi- 
tors present. 

The  records  of  the  last  regular  meeting  and  of  the  special  meeting  of  De- 
cember II  were  read  and  approved. 

Messrs.  Langdon  Pearse  and  James  W.  Tower  were  elected  members 
of  the  Society. 

On  motion  of  Mr.  Burke,  the  thanks  of  the  Society  were  voted  to  the 
National  Construction  Company  for  courtesies  extended  this  afternoon  on 
the  occasion  of  the  trip  to  the  tunnels  of  the  Metropolitan  Sewerage  Works 
at  Jamaica  Plain;  also  to  the  Buff  &  Buff  Manufacturing  Company  for 
courtesies  extended  during  the  inspection  of  its  new  shops  at  Jamaica  Plain 
this  afternoon. 

The  paper  of  the  evening  was  presented  by  Mr.  Frank  W.  Hodgdon^ 
entitled  "Notes  in  Relation  to  Docks  and  other  Engineering  Structures  in 
Great  Britain,  France  and  Belgium." 

The  paper  was  very  fully  illustrated  by  lantern  slides. 

Adjourned.  S.  E.  Tinkham,  Secretary. 
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TiMlinicsiI  Socfotv  of  the  T*iuillc  <'oa?>t. 


Regular  Mekting,  Decemhek  d.  kjoi. — Held  in  the  incetinR  hall  of  the 
Mechanics'  Institute.  31  Post  Street,  for  the  first  time.  Called  to  order  at 
8.30  P.M.  by  Past-President  George  W.  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  propositions  for  iiicnihcrship  were  read  and  referred  to 
the  directors  for  regular  ballot : 

For  members — Geo.  H.  Wallis.  mechanical  engineer,  proposed  by  C.  E. 
Grunsky,  Luther  Wagoner  and  Otto  von  Geldern ;  Geo.  F.  Day,  mechanical 
engineer,  proposed  by  Luther  Wagoner,  Adolf  Lietz  and  Otto  von  Geldern. 

Mr.  .\Ipheus  Bull,  of  San  Francisco,  was  reinstated  to  membership  from 
January  i,  igo2,  upon  recommendation  of  the  Board  of  Directors. 

A  communication  was  read  from  the  Trustees  of  the  Mechanics'  Institute, 
indicating  to  the  Society  that  the  proposition  of  an  affiliation  as  outlined  in 
the  agreement  had  been  accepted,  and  that  the  Society  is  welcomed  to  the 
Institute  as  a  member  thereof.  It  is  proposed  by  the  Institute  to  hold  a  re- 
ception, to  be  given  for  the  purpose  of  bringing  together  the  members  of  the 
various  affiliated  societies,  and  those  of  the  Mechanics'  Institute,  on  Thurs- 
day evening,  December  12,  1901,  at  the  Library  Building. 

All  members  of  the  Technical  Society  of  the  Pacific  Coast,  the  California 
Association.  No.  3,  National  Association  of  Stationary  Engineers  and  the 
Pacific  Philatelic  Society  will  be  invited  by  individual  cards. 

Mr.  Marsden  Manson  then  read  a  paper  entitled  "The  Distribution  of 
Rainfall  on  the  West  Coasts  of  North  and  South  America."  The  paper  was 
illustrated  by  an  elaborate  map.  showing  the  relative  areas  of  precipitation  in 
California,  and  the  comparative  distribution  of  forest  growth. 

The  paper,  containing  some  valuable  records,  was  discussed  at  length  by 
Past-President  Grunsky. 

In  accordance  with  the  Constitution  and  By-Laws,  a  Nominating  Com- 
mittee was  appointed  by  selection  of  the  members  present,  and  duly  con- 
firmed by  the  casting  vote  of  the  Secretary,  consisting  of  C.  E.  Grunsky,  A. 
d'Erlach,  James  D.  Mortimer,  Hermann  Barth  and  Hubert  Vischer. 

This  committee  is  to  select  a  ticket  of  officers  for  the  ensuing  year,  and 
will  meet  for  discussion  of  the  subject  on  Monday,  December  9,  in  the  busi- 
ness office  of  the  Society,  31  Post  Street. 

Mr.  Frederick  J.  Toggart,  Librarian  of  the  Mechanics'  Institute,  ap- 
peared before  the  Society,  and  welcomed  its  members  in  the  name  of  the 
library.  He  stated  that  it  is  his  aim  to  create  a  first-class  technical  library, 
and  that  if  members  would  indicate  to  him  the  names  of  desirable  technical 
books  and  current  engineering  literature,  every  efTort  would  be  made  on  his 
part  to  obtain  them,  in  order  to  make  the  library  one  of  value  and  utility  to 
the  technical  professions.  He  realized  that  this  lack  of  technical  literature 
had  been  long  felt  in  San  Francisco,  and  that  the  Institute  will  overcome  the 
difficulty,  and,  in  time,  create  a  Mechanics'  Library  in  the  true  sense  of  the 
word. 

The  meeting  adjourned. 

Otto  von  Geldern,  Secretary. 
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JEiisirineers''  Club  of  St.  I.oiiis. 


534TH  Meeting,  December  4,  1901. — Held  at  the  jMercantile  Chib  at  8.30 
P.M.;  Vice-President  Kinealy  presiding.  Attendance,  thirty-one  members. 
Minutes  of  the  533d  meeting  were  read  and  approved.  Minutes  of  the  317th 
meeting  of  the  Executive  Committee  were  read. 

The  application  for  membership  of  Thomas  K.  Peters  was  read  and  re- 
ferred to  the  Executive  Committee.  On  ballot  Mr.  Fritz  Lubberger  was 
elected  to  membership. 

Mr.  Layman  brought  up  for  further  discussion  the  propositions  on  which 
the  members  of  the  Board  of  Managers  were  requested  to  vote,  regarding  the 
Secretary's  salary,  indexing  the  Journal,  etc.     There  was  some  discussion. 

A  letter  was  read  from  the  St.  Louis  Railway  Club,  inviting  the  members 
of  the  Engineers'  Club  to  attend,  on  Friday,  December  13.  1901,  at  the  South- 
ern Hotel,  both  their  afternoon  meeting  and  annual  Christmas  tree  smoker, 
which  is  to  be  held  in  the  evening.  Motion  was  made  and  carried  to  tender 
a  vote  of  thanks  to  the  Railway  Club  and  accept  the  invitation. 

The  next  order  of  business  was  the  reading  of  the  annual  reports  of  the 
officers  and  various  committees  of  the  Club.  Owing  to  the  absence  of  the 
President,  no  report  of  the  Executive  Committee  was  made.  The  Secre- 
tary's report  was  read  and  on  motion  made  and  carried  it  was  accepted  and 
filed.  The  Treasurer's  report  was  read  and  referred  to  the  Executive  Com- 
mittee. Reports  of  the  Librarian,  members  of  the  Board  of  Managers,  and 
Entertainment  Committee  were  read  and  motion  was  carried  that  they  be 
accepted  and  filed.  The  report  of  the  Committee  on  Prizes  was  read.  The 
Chair  announced  that  the  recommendations  of  the  committee  had  been 
approved  by  the  Executive  Committee  at  their  meeting  of  November  6,  and 
in  accordance  with  their  recommendations  he  was  pleased  to  award  the  prize 
to  Mr.  J.  S.  Branne  for  his  paper,  entitled  '"The  Steel  Skeleton  Construction 
of  a  Tall  Office  Building,"  which  was  read  before  the  Club  at  the  meeting 
held  November  7,  1900. 

The  Nominating"  Committee  made  its  report  on  nominations  for  officers 
for  the  ensuing  year,  as  follows : 

For  President— J.  M.  Kinealy,  F.  B.  Maltby. 

For  yice-President — E.  A.  Hermann,  J.  L.  Van  Ornum. 

For  Secretary— D.  W.  Roper,  A.  H.  Zeller. 

For  Treasurer — Geo.  I.  Bouton,  N.  W.  Perkins,  Jr. 

For  Librarian — E.  B.  Fay,  W.  H.  Henby. 

For  Directors — Carl  Gayler,  A.  L.  Johnson,  E.  J.  Spencer,  Wm.  Wise. 

For  Members  Board  of  Managers  of  Engineering  Societies — E.  R.  Fish, 
J.  A.  Laird,  W.  A.  Layman,  P.  N.  Moore. 

Additional  nominations  were  made  as  follows  : 

For  President — E.  A.  Hermann. 

For  Vice-President — A.  H.  Blaisdell. 

For  Secretary — W.   H.  Bryan. 

For  Librarian— Walter  Brown. 

For  Directors — W.  A.  Layman,  H.  L.  Reber. 

For  Members  Board  of  Managers — E.  E.  Wall.  E.  B.  Fay. 

Motion  was  made  and  carried  that  an  annual  banquet  be  held  on  Wed- 
nesday evening,  December  18,  1901,  the  price  per  plate  not  to  exceed  $3.50. 
The  Executive  Committee  was  authorized  to  make  the  necessary  arrange- 
ments. 
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The  meeting  then  adjourned  and  members  rcmaim-d  scaii-d  while  a  lunch, 
provided  by  the  Entertainment  Committee,  was  served,  during  which  every 
member  present  was  required  to  make  a  speech  or  tell  a  story.  .\  very 
■enjoyable  evening  was  spent. 

E.  B.  Fav,  Secretary  pro  tcin. 

535TH  Meeting,  December  18,  1901.— The  annual  dinner  of  the  Club  was 
held  at  the  Mercantile  Club  at  8  p.m.;  President  Spencer  presiding.  There 
were  thirty-seven  members  and  five  guests  present. 

After  dinner  had  been  served  the  Club  was  called  to  order  and  announce- 
ment made  of  the  Executive  Committee's  report  of  the  letter  ballot  for  offi- 
cers for  the  ensuing  year,  with  the  following  result : 

For  President — J.  H.  Kincaly  was  elected. 

For  Treasurer — Geo.  I.  Bouton  was  elected. 

For  Librarian — Edw.  B.  Fay  was  elected. 

For  ^lembcr  Board  of  Managers — F.  R.  Fish  was  elected. 

For  Vice-President,  Secretary,  two  Directors  and  one  member  of  Board 
of  Managers  there  was  no  election,  none  of  the  candidates  having  received  a 
majority  of  the  votes  cast. 

As  the  newly-elected  President.  I\Ir.  Kinealy,  was  not  present  Mr. 
Spencer  retained  the  chair  and  ruled  it  in  order  to  fill  the  above-mentioned 
vacancies. 

After  the  ballots  were  taken  the  following  results  were  announced,  viz : 

Vice-President — J.  L.  Van  Ornum. 

Secretary — D.  W.  Roper. 

Directors — A.  L.  Johnson  and  E.  J.  Spencer. 

Member  Board  of  Managers — J.  A.  Laird. 

The  first  toast  on  the  program  was  "Remarks  by  the  Retiring  President," 
in  which  Mr.  Spencer  gave  a  short  talk  appropriate  to  the  occasion  and 
thanked  the  Club  for  the  cordial  support  given  him  during  the  past  year. 

Mr.  S.  Bent  Russell  then  responded  with  an  interesting  address  on 
"When  is  Engineering  Profitable  as  an  Investment?" 

Col.  E.  D.  Meier,  one  of  the  Club's  oldest  members,  then  gave  an  inter- 
esting talk  in  which  he  discussed  the  spirit  of  "Commercialism"  of  the 
present  age,  and  predicted  that  the  present  century  would  be  one  of  "en- 
gineering" in  which  the  work  of  the  engineer  would  predominate.  The  sub- 
ject assigned  to  him  was  Helios,  "The  Sun  do  Move." 

The  next  subject  on  the  program  was  "International  Expositions  and 
Engineering  Practice,"  by  Henry  Rustin,  electrical  engineer  of  the  Louisiana 
Purchase  Exposition.  Mr.  Rustin,  however,  was  absent,  and  Dr.  David 
Day,  chief  of  the  Department  of  Mines  and  Metallurgy,  Louisiana  Purchase 
Exposition,  kindly  responded  with  a  very  entertaining  and  instructive  talk 
on  the  work  already  done  and  that  which  his  department  expected  to  do 
toward  making  the  exposition  a  great  success.  He  urged  all  to  give  their 
hearty  support  to  the  project. 

Mr.  J.  A.  Laird  followed  by  responding  to  the  toast,  "Community  of 

Interests  Among  Engineers,"  in  which  he  urged  a  thorough  organization  of 

engineers. 

The  Chair  then  called  upon  ^Ir.  Philip  N.  Moore,  who  responded  in  a 

very  happy  vein  in  behalf  of  the  many  disappointed  candidates. 

Adjourned. 

W.  G.  Brenxeke.  Secretary. 
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Covers 
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An  extra  charge  will  be  made  for  printing  and  in- 
serting such  illustrations  as  are  not  printed  on  the  same 
pages  as  the  text,  and  for  enameled  paper,  when  this  is 
used,  but  it  is  of  course  impossible  to  name  rates  for 
this  in  advance. 

When  reprints  are  wanted,  notice  of  the  fact,  stat- 
ing how  many  are  desired  and  whether  they  are  to  be 
furnished  with  covers,  should  accompany  the  paper  when 
it  is  sent  to  the  Secretary  of  the  Association. 

If  the  paper  has  been  discussed,  please  state  whether 
it  is  desired  that  the  reprint  shall  contain  the  discussion. 


JOHN  C.  TRAUTWINE,  Jr.,  Secretary, 

257  SOUTH   FOURTH  STREET, 
PHILADELPHIA. 
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